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PREFACE. 


The  plan  of  the  present  work  has  been  designed  with  the 
special  view  to  its  utility  as  an  Educational  Book,  the  subject 
being  explained,  in  it,  in  a  particular  order  and  manner,  and 
the  Science  of  Physiology  treated  as  dependent  on  those  of 
Anatomy,  Chemistry,  and  Physics. 

In  completing  the  details  of  each  subject,  the  best  and  most 
recent  authorities  have  been  consulted,  especially  the  syste- 
matic works  of  Quain  and  Sharpey,  Gray,  Kolliker,  Gegen- 
bauer.  and  I^ydig,  on  Anatomy,  and  of  Carpenter,  Todd  and 
Bowman,  Miiller,  and  Vierordt,  on  Pliysiology.  Besides  this, 
many  of  the  articles  in  Todd's  Cyclopedia  of  Anatomy  and 
Physiology',  and  many  separate  works  or  essays  have  Wen 
referred  to,  including  Papers  by  Owen,  Allen  Thomson, 
Huxley,  Beale,  and  Quatrefages  on  Anatomical  subjects,  the 
Chemical  and  Physical  Essjjys  of  Graham,  Williamson,  Dalton, 
Helmholz,  Playfair,  Frankland,  Stokes,  and  Bence  Jones, 
and  the  Physiological  writings  of  Bro\\'n-Sequard,  Dubois- 
Keymond,  Bishop,  Paget,  Savory,  Richardson,  Lister,  and 
others. 

The  work,  as  originally  planned,  several  years  since,  was  ol 
smaller  size  and  humbler  pretensions  ;  but,  as  now  completed, 
after  considerable  labour  and  in  fulfilment  of  a  task  once 
l>egun,  it  will,  it  is  hoped,  prove  serviceable  to  the  student  of 
Medicine  and  Surgery,  presenting  a  concise  but  comprehensive 
summary  of  modem  Physiological  Science,  both  Human  and 
Comparative. 
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Irfocomotlon  on  ttoUcbi^  m  fltdds,  and  in  air ;  Prehetifflon;  Hoiii* 

prqliitioTj ;   Gesture ;  Voice,  and  Speecli. 

SeDj^tionf  the  Eegulation  of  Movement,  and  tlie  PBj^chical 
FuDctiDiia,  or  the  Fimctions  of  the  Kervoua  Sjileni*  Treated 
as  ifpecial  subjects  under  this  head,  are  Sensation  generiilly, 
End  its  Mo difi canons;  viz,  the  Internal  SeuBations,  such  as 
HnngfT^  Thirst,  Nausea,  and  Want  of  Breath;  and  the 
External  Sensations,  viz.  Touch,  Tvmperatuje,  Taate,  !!SmeIl, 
Ut^riisg,  and  Sigbt, 
TLe  foregoing  subjects  occupy  the  Fint  Volume. 
The  Second  Volume  h&  devot<id  to  the  functions  of  Vegetatite 
Life,  as  follow li : — 

Digestion,  with  an  Mjcount  of  the  Nature  and  Value  of  the 
different  kinds  of  Food. 

Absorption,  including  General  Absf*rption,  Abaorption  of 
the  djge«t^d  Food^  and  Interstitial  Absorption. 

The  Clrcttlation  of  the  Blood,  its  Causes  and  Phenomena, 
nr  ^  *^     Qtiantity  of  BltKjd  in  the  Body. 

Nutrition,  both  General  and  Reparative,  of  the  Fluids  and 
Solids  of  the  body,  with  the  Uses  of  the  Blood,  and  its  Vitality, 
the  effects  of  Hemorrhage,  and  the  phenomenon  of  the  Coagu- 
lation of  the  Blood. 

Sanguification,  or  the  processes  by  which  the  Blood  is  re- 
newed. This  includes  an  accoimt  of  the  Uses  of  the  Ductless 
Glands^  together  with  that  of  the  Liver,  considered  as  a  Blood- 
Gknd. 

Secretion,  or  the  processes  by  which  certain  Glands  separate 
materials  from  the  Blood,  for  use  in  the  Living  Economy. 

Excretion,  or  the  processes  by  which  other  Glands  separate 
materials  from  the  Blood,  to  be  removed  from  the  Economy. 

Respiration,  or  the  Function  of  Breathing,  by  which  the 
Blood  is  purified,  and  the  whole  body  maintained  fit  for  the 
performance  of  all  the  Functions. 

Animal  Heat,  Light,  and  Electricity,  and  their  dependence 
on  vita-  Chemical  action. 

Animal  Statics  and  Dynamics,   treated   of  in  a  separate 
Section,  comprehending  an  account  of  the  Specific  Gravity, 
//  B 
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THE  GENERAL  FLAN  OF  THE  BODY. 


THE    SlLtLETOH. 

The  inr^mal  solid  basii,  or  fmmeworki  of  tte  Human  body, 
like  that  of  the  bodies  of  all  the  Vertebrate  Animali?,  consists 
of  the  bonesj — which  taken  together  constitute  the  skeleton^ 
figs.  1  and  2. 

The  skeleton  gives  general  fomi  to  the  body,  and  determines 
its  linear  proportions.  Like  the  entire  body  itself,  it  is  easily 
subdivided  into  the  Head,  the  Trunk,  and  the  Limbs.  Li  the 
natural  state,  the  separate  pieces  of  the  skeleton  are  held  to- 
gether by  strong  flexible  membranous  bands,  named  ligaments^ 
as  represent^  on  the  left  side  of  the  figures. 

The  head  consists  of  the  smooth  round  part  called  the 
craninm  or  skull  proper y  and  of  an  uneven  part  corresponding 
^th  the /ac«, — the  bone  forming  the  lower  jaw  heing  the  only 
movable  piece  in  this  portion  of  the  skeleton. 

The  trunk  is  composed,  first  and  fundamentally,  of  a  strong 
median  column,  consisting  of  many  bones,  and  occupying  the 
middle  line  of  the  back,  fig.  2.  It  bears  the  head  upon  its 
s'wnniit,  and  terminates  in  the  soft  parts  below.  It  is  called  the 
^k  bone ;  also,  from  its  nmnerous  projections  backwards,  the 
*P»n«,  or  the  spinal  column;  and  again,  the  vertebral  column^  be- 
^uae  its  numerous  component  pieces  are  named  vertebrcSy  from 
^ftOj  I  turn, — each  piece  having  a  slight  tiu-ning  movement 
^pon  those  next  to  it.  The  parts  of  the  spine  corresponding 
*ith  the  neck  and  loins jha.\ a  no  separate  bony  pieces  attached 


held  together  by  membranous  structures  at  the  Joints.    {Bourgery  and 
Jacob.) 
¥%.  2.  The  btck  view  of  the  Human  Skeleton.    {Bourgerp  and  Jacob.) 
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to  them  laterally ;  but  in  the  intermediate  part,  corresponding 
with  what  is  generally  known  as  the  back  proper,  those  long 
slender  curved  bones  called  the  ribs  or  costcBy  are  found  fas- 
tened to  it  on  cither  side,  and  passing  forwards  are  prolonged 
in  front  by  the  rib-cartilages,  the  upper  seven  of  which  are 
joined  to  the  sternum  or  breast-bone  (fig.  1).  Keaching  out- 
wards from  the  top  of  the  breast-bone,  on  each  side,  to  the 
shoulders,  and  placed  horizontally  across  the  root  of  the  neck, 
are  the  collar-bones,  so  named  because  a  collar  worn  round  the 
neck  rests  upon  them, — otherwise  named  the  clavicles,  from 
the  diminutive  of  clavis,  a  key.  To  the  outer  end  of  each 
collar-bone,  is  attached  the  corresponding  shoulder-bane,  blade- 
bone,  spade-bone  or  scapula  (from  trKuirTw,  scapto,  I  dig).  The 
two  flat  triangular-shaped  scajmlce,  placed  at  the  back  of  the 
trunk,  are  thus  suspended  by  the  collar-bones,  so  as  to  be  very 
movable.  Broadly  and  strongly  connected  with  the  part  of  the 
vertebral  colimin  next  below  the  loins,  which  is  called  the 
sacrum,  or  sacred  bone,  because  this  part  in  animals  was  offered 
in  heathen  sacrifices,  are  two  wide  bones,  called  the  hip-bones, 
also  the  innominate  or  un-named  bones  (from  in,  not,  and 
nomen,  a  name,  because  they  had  no  special  name).  As  shown 
in  fig.  10,  each  consists  of  the  iliuin,  i,  the  ischium,  is,  and  the 
pubes,  p.  They  are  tied  firmly  together  in  front,  and  form, 
with  the  intervening  Bacrum  behind,  n  strong  hoop- [ike  brue 
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for  the  thumb,  and  three  for  each  finger,  named  the  phcUangea 
(from  phalanx,  a  row),  of  the  fingers.  In  the  lower  limb,  the 
thigh-bone  is  called  the  femur.  The  inner  and  larger  of  the 
two  leg-bones,  is  named  the  ^"^ia,  or  shin-hone,  and  the  outer 
Blender  one,  the  fibula  or  splint-bone  :  the  term  tibia  is  taken 
from  the  resemblance  of  the  bone  to  an  ancient  shepherd^s 
pipe,  9Jid.  fibula  means  a  clasp  or  brace.  Succeeding  to  these 
bones,  are  senen  short  ones,  named  the  tarsal  bones,  from  tarsus 
the  ankle ;  the  one  which  is  next  to  the  leg-bone,  is  named 
the  astragalus ;  the  large  one  below  this,  which  projects  to  form 
the  heel  or  calcaneum,  is  named  the  os  calcis,  or  bone  of  the 
heel ;  in  front  of  these,  are  the  cuboid  bone,  on  the  outer  side, 
and  the  scaphoid^  with  the  three  cuneiform  bones,  on  the  inner 
side.  In  front  of  these  are,  as  in  the  hand,  five  bones,  one  for 
each  toe,  called  the  metatarsal  bones  ;  and  finally,  to  these  are 
attached  the  fourteen  phalanges  of  the  toes,  of  which  two  only 
belong  to  the  great  toe  (as  in  the  thumb),  and  three  to  each 
of  the  other  toes.  There  is  an  extra  bone  in  the  lower  limb, 
in  front  of  the  knee-joint,  called  the  patella  or  knee-pan :  this, 
however,  belongs  properly  to  the  muscular  system,  as  we  shall 
hereafter  see.  The  same  may  be  said  of  some  little  rounded 
bones,  found  in  connection  with  certain  muscles  of  the  tlmmb 
and  great  toe,  called  sesamoid  bones,  from  sesame,  a  grain  of 
(Indian)  com.     At  the  root  of  the  tongue,  is  the  ht/oid  bone. 

Whilst  contained  within  the  body,  all  the  bones  are  of  course 
moist ;  they  are  also  pinkish  white,  and  they  are  covered  with 
a  tough  semi-transparent  closely  adherent  membrane,  called 
the  pen'osteum.  The  surfaces  of  the  bones,  are  hard  and  com- 
jmct ;  they  are  marked  in  places  Avith  little  holes  or  pores, 
which  lead  into  the  interior  of  the  bones,  where  we  fmd,  not  a 
solid,  but  an  open  spongy-looking,  or  cancellated  structure, 
the  spaces  or  cells  of  which  are  occupied  chiefly  by  a  soil  fatty 
tissue,  called  the  medulla^  or  marrow. 

On  looking  generally  at  the  bones,  it  will  be  seen  that  to 
suit  various  purposes  in  the  body,  some  of  them  are  broad  and 
/«/,  others  short  and  thick,  and,  lastly,  others  long  and  com- 
jjaratively  slender. 

THE    JOINTS. 

The  places  where  tlie  bones  meet,  and  are  joined  together 
by  membranes  passing  from  one  bone  to  another,  are  com- 
monly kno\m  as  tho  joints, — the  connecting  membranes  being 
named  the  lifjainentSj  from  lujo,  I  tie.     The  different  kinds 
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of  joints  ^vill  1)0  licrcafter  studied  in  the  Pliysiological  part 
of  this  work,  in  the  section  on  the  Movements  of  Man  and 
Animals.  In  most  of  them,  the  ends  of  the  bones  are  beauti- 
fully fitted  together,  and  covered  with  n  thinnish  layer  of 
ffi^sdc  or  cartila^e^  a  tough  ehustit^  substance,  emooth  on  the 
free  surfece,  ^nd,  moreover,  moistened  with  a  viiicid  fluid,  im- 
properly termed  joint- m%  but  named  stfnmna^  from  its  resem- 
blance to  the  white  of  egg  (ffvv,  sun^  with,  and  oo^*,  oon,  an 
egg),  which  h  contained  in  the  cavities  of  the  joints,  and  runs 

Fig,  3, 


T\$.X  V«rtic*I  seetlon  througli  Ibo  xniddlo  of  tlie  Hght  knpo-jolut.  It 
nbowl  tbe  c«necUated  or  spongy  texture  of  the  low^r  end  of  t1i«  femor, 
1,  And  upfw^  end  of  tbo  tibifl,  2 ;  blaro  the  thin  lay^r  O'f  t^rtUnge  oofiBT^ 
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THE    FLESH   OR    HUSCt^S. 

CoTcring  up  the  bonoa  gtjQtrally,  and  attached  to  their 
mriLees  at  cerUim  definite  places,  is  the  ^jft^  red,  flesh j, 
portion,  or  muscular  mibstance  of  the  body*  This  consista,  cot 
€f  Goe  homogeneous  environing  mass,  but  of  a  great  numher 
(ibout  40(»)  of  distinct  Heshj  mas^seii  of  various  forms  and  . 
mm^  "^hidi  are  CiiDed  tlie  mn^cksj  figs,  4  and  5, 

On  eoDsuliiDg  tliese  figures,  it  will  be  seen  that  on  tlie  shape 
aad  disposition  of  the  muscles,  mainJy  dej>end  tha  prticular 
conti>UTs  of  the  human  bodj.  The  muscles  will  again  be 
noticed,  in  the  Section  on  the  Slovementa  of  Man  and  AnimaJa. 
In  the  meantime,  it  will  be  observed  that  they  are  arranged  in 
takers  J  some  det^per  than  otliei^  and  lying  next  to  the  bones, 
n  aesi  in  the  bit  half  of  the  trunk  m  fig.  4,  and  some  more 
mperficiai,  er  shown  on  the  right  Aide  of  the  trunk.  It  will 
be  nolic^  that,  on  tlie  trunk,  the  miifjclea  are  generally  hrmtd^ 
indr  on  the  hmba,  longer  and  najTOWfr.  Many  of  the  muscles 
are  connected  with  the  bones  directltfj  by  broad  surfaces ;  but 
many  are  attached  indirectly^  by  means  of  glistening  white 
structures  called  tendons^  which  may  be  broad,  short,  and  flat, 
as  on  the  trunk,  or  long,  narrow,  and  cord-like,  as  in  the 
limbs.  All  the  muscles  of  the  body,  are  held  together  by  an 
intermediate  moist,  and  whitish,  web-like  structm-e,  called 
intermuscular  areolar  tissue;  sometimes  a  firmer  membrane 
separates  them,  forming  intermuscular  septa;  and  most  of 
them,  especially  those  of  the  limbs,  are  bound  down  by  a 
general  membranous  investment,  called  the  fascia  (fig.  5,  on 
the  left  limbs),  which  is  thicker  on  the  outer  aspect  of  the 
limbs,  and  especially  in  the  palms  and  in  the  soles,  than  else- 
where.    This  fascia  is  also  shown  in  fig.  6. 

THE    INTEGUMENTS. 

Outside  the  fascia,  but  connected  with  it,  is  a  layer,  or  two, 
of  loose  web-like  areolar  tissue,  containing  in  its  meshes  more 
or  less  fat ;  and  outside  this,  again,  and  connected  with  it,  is 
the  integument  or  skin,  which  is  thus  held  down  to  the  fascia. 
The  areolar  tissue  and  the  fat,  are  both  called  subcutaneous 
(suby  under,  cutis,  the  skin).  Together  with  the  skin  itself, 
they  round  oflf,  fill  up,  and  finish  the  contours  of  the  whole 
surface  of  the  body. 


Fig.  5.  A  disiected  view  of  the  muscles  found  on  the  back  of  the  Human 
body,  and  on  the  posterior  aspect  of  the  limbs.  In  the  case  of  the  left 
limbs,  the  membranous  expansion  called  the  fascia,  which  immediately 
ioTesta  the  muscles,  b  supposed  to  remain  upon  them ;  whilst  in  the 
right  limbs,  it  is  removed.  {Bourgern  and  Jacobs 


Fig,  6, 


Fig.  7.  A  deep  dissected  riew  of  the  left  upper  limb,— the  fascia  having 
been  removed,  and  some  of  the  muscles  taken  away,  so  as  to  show  the 
main  arteries  of  the  limb  (here  shaded  with  cross  lines),  1.  and  the  deep- 
seated  nenrcs,  (left  as  white  cords).  2, 8,  4.    {After  Quain.) 
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THE  VESSELS  AND  NERVES. 

Coursing  along  in  the  subcutaneous  areolar  tissue,  and  there- 
fore just  beneath  the  .skin,  are  certain  delicate  tubes  anc 
cords,  called  the  aupefficial  vessels  and  nerves,  which  in  th< 
limbs  arc  found  resting  upon  or  outside  the  fascia,  fig.  6 
The  vessels  are  of  two  kinds  :  —  first,  the  blood-vesselSy  whicl: 
convey  the  blood,  namely,  the  artenes,  not  here  represented 
being  comparatively  small,  and  the  tmns,  which  are  larger 
and  arc  shown  as  dark  meandering  lines ;  and,  secondly,  then 
are  the  absorbent  vessels,  which  convey  a  thin  colourless  fluic 
called  lymph,  and  which  are  exceedingly  delicate,  and  can  onl} 
be  demonstrated  by  consimimate  skill  and  the  aid  of  mercuric 
injections  :  these  absorbents  have  little  bodies  connected  wit! 
them  at  the  bendings  of  the  great  joints  called  the  absorbem 
glands.  The  superficial  nerves  are  delicate  white  cords,  shown 
in  the  figure  as  white  lines;  they  are  the  cutaneous  nerves. 
which  perforate  the  fascia  to  reach  the  skin. 

Wlien  the  fascia  is  removed,  and  the  muscles  dissected  out 
and  some  of  them  cut  away,  the  deep  blood-vessels  and  nert^ei 
are  brought  into  view,  taking  their  course  in  the  interval* 
between  the  muscles.  They  are  connected  by  branclies  per- 
forating the  fjusc"ia  with  the  superficial  sets.  In  fig.  7  the  main 
/■/r/vV\>  of  tin-  injpi/r  Yuuh  are  tsLsnvn  :    thi'  r^v^'^  an.-  omlttft) 
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ij  arimnged,  and  held  together  as  to  enclose  cer- 
tain Bpacea  or  boUow^  called  t]ie  rnvtite^  of  ike  hcfdy\  in  which 
tk*se  special  parte  of  the  system,  called  the  Organs  or  Viscera y 
are  lodged  mid  protected. 


THE  CAVITIES  OF  TH£  BODY  AKD  THEIR  CONTAINED  OEGANS* 

Three  gTeat  Cavitipa  are  formed  in  the  framework  of  thi^ 
hodj,  yk,,  those  of  the  Skull^  the  Chest,  and  the  Abdomen. 
There  m  ako  a  auliordinate  oavity  within  the  spinal  column, 
smd  B)eirc!T]J  otheri  in  the  tace. 

a*  The  cavitj  of  the  fikull,  shown  cut  thnmgh  vertically  in 
the  middle  line  in  fig,  9,  has  completely  arilid  walb,  ibrnied  o! 
the  umted  bones  of  the  cranium.  One  of  these  bones,  the 
fratUtit^  fig*  8,  1,  cjorresponde  with  the  forepart  of  tJie  head 
i^Q  JrouSf  foreh^iad)^  and  ako  forms  tlie  upper  margin  of  the 
aodtetJi  for  the  eyes ;  two  othera,  one  on  each  aide,  2,  called 
the  pariefai  bonea  (pant^^  the  side),  form  the  aides  and  top  of 


Fig.  8.  The  bones  of  the  head,  which  consistB  of  the  cranium,  and  face;  1, 
frontal  bone ;  %  left  parietal  bone ;  8.  left  temporal  bone ;  4,  right  upper 
jawbone ;  6,  lower  jawbone ;  6,  right  cheek-bone.  This  figure  also  shows 
the  two  eye-sockets  or  orbits,  the  opening  leading  into  the  right  and  left 
mwal  or  nose-cavitiee.  and  the  arrangement  of  the  teeth  in  the  jaw- 
bone*. The  cranium  has  eight,  and  the  ftce  fourteen  bones.  {From 
NtUmre.) 
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the  skull ;  other  two,  also  existing  in  pairs,  called  the  tend' 
poral  bones,  3,  correspond  with  the  temples  {tefiipus,  time) 
another  single  bone,  which  forms  the  back  of  the  h^Eid,  is  callec 
the  occipital  bone  {ob  and  caput,  the  head) ;  and  two  othe: 

Fig.  9. 
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migle  bones,  viz.,  the  sphenoid  or  wedge-shaped  bone,  and  the 
ethmoid  or  sieve-like  bone,  complete  the  base  or  floor  of  the 
skull,  which  is  also  in  part  composed  of  the  occipital  and  tem- 
porals.    All  these  bones  are  joined  together  by  their  edges, 
which  are  unevenly  toothed,  or  serrated,  so  that  the  lines  by 
which  they  meet,  called  the  sutures  of  the  skiiU,  are  more  or  less 
uneven  or  zig-zag.     It  is  also  obvious  that  the  walls  of  the 
skull  are  put  together  after  the  manner  of  an  arch  or  vault. 
The  cavity  of  the  skull  is  lined  throughout  by  a  tough  mem- 
brane, called  the  dura  mater j  fig.  9  c  (hard  mother),  which 
acts  as  a  sort  of  internal  periosteum,  and  also  smooths  off  the 
asperities  of  the  bony  surface.     The  dura  mater  also  sends  off 
a  vertical  partition  downwards  along  the  middle  line,  named, 
from  its  5icit/€-shape,  thefalxy  f,  which  again  falls  behind  on  a 
transverse  partition,  called  the  tentorium  or  tent.    The  interior 
of  the  dura  mater  is  everywhere  lined  by  a  very  thin,  smooth, 
and  moist  membrane,  belonging  to  the  serous  membranes^  and 
named  the  arachnoid  (apnxvri,  arachne^  a  spider).     From  the 
back  part  of  the  base  of  the  skull  there  extends  nearly  the 
whole  length  down  the  centre  of  the  spine  or  back  bone,  a 
secondary  cavity,  or  rather  a  long  cjinal,  which  is  called  the* 
spina/  or  vertebral  canal.    The  upper  part  of  this  canal,  5,  and  its 
continuity  with  the  cavity  of  the  skull,  which  is  effected  through 
a  large  hole  in  the  occipital  bone,  called  the  occipital  foramen 
(or  hohf),  are  clearly  seen  in  fig.  9.     It  is  lined  by  a  tubular 
extension  of  the  dura  mater,  covered  on  its  inner  surface  with 
the  arachnoid  nienihrane :   the  dura  mater  does  not  here  at- 
tach   itself  closely   U)    the    bones,  which   have   their   proper 
periosteum  distinct   from  it.     The   mode  in  which  the  bony 
canal  is  formed  is  this.     The  spine,  as  already  stated,  consists 
of  a   series  of  bones  called  vertebi*a»,  arranged  in  fonn  of  a 
column.     There  are  in  the  neck  (cervix),  fig.  10,  1,  seven  ol' 
these  bones,  called  cervical  vertebrce ;  in  the  back  (dorsum),  2, 
twelve  dorsal  verti-hnr,  from  *  to  *  ;  in  the  loins  (lumbi),  3,  Jive 
lumbar  vertebne ;    making  in  all  twenty-four  moveable  ver- 
tebrae.      Next  below    these   are  five   sacral   vertebrae,    con- 
jsolidated  into  the  one  mass  called  the  sacrum,  4 ;  and  below 
this  are  three  or  four  little  bones,  called  the  coccygeal  vertebra^ 
5,  forming  the  coccyx  (cuckoo's  bill) :  these  constitute  the  im- 
moveable vertebiTc.     It  sliould  also  be  here  stated  that  the 
bones  of  the  head  are  considered   as  consisting  of  specially 
modified  bony  elements,  called  rr(/r??a/ vertebras.     Each  of  the 
vertebrfc,  as  shown  in  %.  11,  in  which  a,  c,  and  e,  represent 
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the  right  side,  and  b  dy  and  /,  the  upper  surface  of  a  cha- 
racteristic cervical,  dorsal,  and  lumbar  vertebra,  consists  of  a 
Kolid  part  called  the  body,  which  is  turned   forwards,  and 

Fig.  10. 


Tig.  10.  Etgtit  Nidfl or  thii  honmGtibQ 
truiiik.  1  tai  w  the  sipiiial  eolumti; 
1,  the  cervii  or  necki  c>oti»i$tiD#^  of 
MV6B  cervical  ¥ert«-b«».  %  from  • 
to  *,  th^  dottiuti]  or  back^  coiiiist^ 
iiilf  of  twelve  doirv^l  vertebne; 
3,  the  lotos,  connUtinff  of  Ave  lum- 
bar I'CTtclini? ;  +1  tbe  fsaiTura^  co^- 
posMl  of  U^e  ron^lUillatt^  ^(.^raJi  t(t- 
U?brTC^(  And  &t  the  tlirt'C  or  four  im* 
ppffc^t  verWbr^  called  er^ocrgwL 
TIh*  tt?elvc  ribs  of  the  risrht  side 
arc  also  aeen ;  audi  the  ineier  side 
of  the  sternum  in  fton  t .  Tlie  rig:hl 
cnllar  borne  ia  marked  e;  the  rifht 
Bcflpula*.  The  rifht  hip-bone,  or 
iniuitiiinat^  l^one,  la  indicate  L  by 
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f  pfO€i4Sj  fipDtn  the  wliole  §<'j'l*is  of  whicli  tlie  buckbouc 
it  Cllled  the  spiiie^  and  Uvo  latCfrul  Dnt'**  t:allt»d  tbc  tmnifvi^ritt 
[ttOC«»w^3  ;  there  art-  filso  foiii*  (.itlier  shLftter  ]>r(jeety*4iH  cm  L*aL'h 
woTmbk  Tertebra^  two  abnyt*  and  two  bt^Itiw^  called  iho  arti- 
culitr  froc^ss^A  [nrtwuhtm^  a  little  joint),  hy  whidi  the  several 
bones  are  still  ftirlher  joined  tc»gctber.     The  only  pait  Mbich 


Fig.  11.  Two  different  views  of  a  characteristic  cervical,  a  dorsal,  and  a 
ImnlMr  vertebra,  a,  right  side,  and  6,  upper  sarfisce  of  a  middle  cervical 
verlefam;  e  and  d,  similar  aspects  of  a  middle  dorsal  vertebra;  and  e 
arniy;  the  same  of  a  middle  lumbar  vertebra.  These  figures  show  the 
thick  or  anterior  part  or  body  of  the  bones,  their  rings,  their  backward 
or  spluona  processes,  their  lateral  or  transverse  processes,  and  their  ar- 
ticular  proeossM.  The  diflbrenoes  in  size  and  form  between  each  of  > 
these  parti  in  the  difliBrent  vertebrK  are  also  shown.    (From  Nature.) 

now  concerns  us  is  the  open  vertebral  ring :  in  the  natural  state 
it  is  the  succession  of  these  rings  which  forms  the  spinal  canal, 
ng.  12,  c,  e. 

Now,  the  cavity  of  the  skull  contains  the  large,  soft,  pulpy 
organ  called  the  brain,  which  is  itself  composed  of  the  cere- 
brum,  or  hrcUn  proper,  fig.  12,  a,  and  the  cerebellum,  or  Utile 
brainy  b.  The  cerebrum  and  cerebellum  are  connected  toge^ 
ther  at  the  under  part  or  base  of  the  brain ;  but,  above,  the 
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cerebrum  is  parted  into  two  lateral  halves  oi*  henuapheres,  whicl 
are  lodged  one  on  each  side  of  the  &lx,  whilst,  below,  th 
tentorium  separates  the  cerebrum  from  the  cerebellum.  Th 
mechanical  support  thus  afforded  by  the  tentorium  and  th 
falx  is  obvious  enough.  From  the  base  of  the  brain  there  i 
sent  down  a  thick,  white,  stalk-like  prolongation  into  the  spi 
nal  canal,  which  is  named  the  spinal  cord,  c.  It  extends  dowi 
only  to  the  first  lumbar  vertebra,  c'.  The  brain  and  spina 
cord  are  the  great  centres  of  the  nervous  system.  Fror 
the  base  of  the  former,  and  from  the  sides  of  the  latter  (se 
fig.  62),  are  given  off  the  white  cords,  called  nerves,  whid: 
passing  through  special  openings  in  the  base  of  the  skiQl  (se 
the  cut  ends  of  several  in  fig.  9),  or  through  the  intervertebra 
apertures  between  the  vertebrae  (see  fig.  10,  especiaUy  in  th 
loins),  branch  out  into  every  part  of  the  body  —  (see  fig.  64] 
The  nerves  form  the  peripheral  part  of  the  nervous  systen 
The  brain  and  spinal  cord  are  closely  invested  by  a  vascula 
membrane,  the  pia  mater,  over  which  is  a  layer  of  the  arach 
noid  continuous  along  the  roots  of  the  nerves  with  that  lininj 
the  dura  mater. 

The  part  of  the  entire  skull  which  we  call  the  face  also  ha 
certain  hollows  or  recesses  in  it,  which  may  be  regarded  her 
aa  cavities  for  the  lodgment  of  nrgana.  Of  the  bont^s  whici 
are  consolidated  together  below  tlif  cnniiiiin  to  form  the  fact 
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F%.  12.  A  vErUdl  rafdb>n  s^ion 
ttircmf  h  Ibe  Avity  of  the  AkulL,  mid 
Uie  ipitml  eaonT,  to  it3iow  the  way 
la  vyob  Ibe  bi^ift  aivJ  it«  prolon- 
pkHoBt  t^  Bpiim]  cortt  ai%  Iod|:M 
within  ibe  Ijony  »xi»  of  thi>  body, 
4  ii  th^  otfrabrum^  (gr  bniii  proper; 
&  the  ucrebellum,  or  little  farain ; 
f  tli9  iplial  omMl%  if  the  bwer 
tint  of  Ihe  fpln»l  Mrd  I  0  the  rooto 
of  the  iumbAr  or  iwxbI  ncrvoa, 
ftmoiiig  the  <«U(lii  equina,  or  so- 
oIlBd  borae'i-Uil;  f  the  SAcitit 
filenu  af  oerrei,  mad  n  the  gTi€«t 
idAlk  Jijorvi;.  Thui  cut  ulao  ihowa 
toctiom  of  the  bodies  andHng!!  of 
All  tho  v¥Ttehr« ;  mud  of  the  iio«e, 
mnjlhi  thfual,  fuUpt^  tongue, 
tuyiu.  mud  windi^ilie.  The  bt«Lin 
m&d  nyuiMl  cord  lire  protected  frciBi 
the  boniiA  by  the  due*  m&ter,  h^r 
tvo  lajrers  of  the  mmehnoid»  mnd 
bjr  Lbe  iucier  memhnuif^  or  ptm  map 
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Ity  siiiuirs,  but  tlie  lines  ol'  Miture  arc  more  even  tliuii  in  tho 
cranium. 

The  cavities  of  the  fiwe  are  these ;  first,  the  two  eye-sockeU 
or  orbits,  for  the  lodgment  of  the  eyeballs,  their  muscles,  ves- 
sels, and  nerves,  and  of  two  little  bodies  called  glands,  which 
secrete  or  form  the  tears,  —  the  lacrymal  glands  {lacrymoPj  the 
tears) ;  secondly,  the  nasal  cavities^  right  and  left,  separated 
one  from  the  other  by  a  median  partition,  partly  bony  and 
partly  cartilaginous,  and  from,  the  mouth  by  the  palate,  but 
opening  backwards,  (as  shown  in  the  perfect  state  of  the  parts 
in  ^g.  9,  in  which  n  indicates  the  right  nasal  cavity,)  into  the 
upper  part  of  the  throat-cavity  or  pharynx,  />,  as  well  as 
forwards  through  the  nostrils ;  thirdly,  the  cavity  of  the  mouthy 
which  also  commimicatcs  with  the  pharynx,  |>,  through  the 
arched  opening  named  the  fauces,  where  the  tonsils  are  seen 
at  either  side  and  the  uvula  in  the  middle ;  it  contains, 
besides  the  tongue  and  teeth,  two  of  the  glands,  named  sublin- 
gual {sub,  under,  and  lingua,  the  tongue),  which  secrete  or 
form  the  saliva;  lastly,  there  are  certain  small  chamberfl^ 
situated  within  the  temporal  bones,  and  conunimicating,  at 
least  in  the  dried  state,  with  the  exterior  of  the  sides  of  the 
head,  in  which  the  apparatus  of  the  internal  ears  is  contained. 
We  see,  then,  that  the  hollows  of  the  face  contain  the  varioiu 
oigans  of  the  senses. 

On  the  sides  of  the  face  and  neck,  behind  and  below  the  lower 
jaw,  are  four  more  salivary  glands,  two  on  each  side,  the 
parotit^s^d  submaxillary  (see  fig.  14),  certain  ducts  or  tubes 
from  which  convey  the  saliva  which  they  secrete  into  the  mouth. 

In  the  fieck,  which  is  interposed  between  the  head  and  the 
chest,  there  is  no  regularly  defined  and  protected  cavity,  but 
certain  important  parts  are  found  there,  pas^iinfr  d^nvn wards 
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ibe  numerous  cartilaginoui  rings,  whiDh  enter  into  its  cou- 
Ctaiietian,  and  keep  it  ccmslantly  open.  Beiiind  the  larj^nx, 
ds^  phaiyiix,  /»,  Lecoraes  eoutinuous  with  a  membranatis  tiibt^ 
called  iJie  gullet  or  a^mphaf^ti»,  ^g,  15,  o^  which  also  pasf^es  down 
behind  the  wmdpijje^  and  in  front  of  the  bodies  of  the  cei*vical 
cwtebrsp  into  tbe  chest,  and  thence  on  into  the  abdomen^  to 
•aid  in  the  Monmch,  as  we  shall  present Ij  see. 

k  Tbe  rht^t  or  thorax  la  not,  like  the  craniimi,  u  complete 

mfe<ixis  box,  but  rather  an  open  cage^work  of  bcmes,  conaisting 

oft  he  dorsal  part  of  tiie  spine,  the  twentjr-four  ribs,  and  the  ster- 

Dum^  fig.  10,  the  iuterYala  between  which  are  occupied  with 

amsdee^  metabrane%  resgeis,  and  other  soft  parts.     It  therefore 

i/kmtB  of  certain  eiaential  alterations  of  ita  ai^e.     The  thorax 

ii  CT^nical  in  fonn,  being  narrow e4st  abco-e,  where  it  ia  closed 

diicij  bj  the  tubes  and  vcfw?ek  passing  into  or  out  of  it  from  or 

to  die  neckt  and  widest  btilow,  where  it  is  sepiirated  from  the 

Qlfatf  laj'ge  cavity  of  the  tj-nnk, — ^tlie  abdomen ^ — by  a  vaulted 

filtiiaon,  partly  mus^cular  and  partly  tendinoun,  called  tie  dia- 

ftkniffm^  %.  14,  dj  which  spriogs  from  tJie  ^pine^  and  m  inserted 

into  the  lower  bf*rden^  of  tlie  cartilages  of  the  seventh  and  the 

saoceeding  ribs,  and  into  the  tip  of  the  sternum,  aU  of  which 

parts  are  represented  as  being  preserved  in  fig.  13,  to  show 

the  boundazy  between  the  opened  chest  and  abdomen.     The 

interior  of  the  thorax  is  divided  by  membranes  into  three 

compartments:  thus,  on  each   side  is  a  large  compartment 

marked  off  and  lined  throughout  by  a  thin,  continuous,  and 

moiBt   serous  membrane,   caUed  the  pleura,  which  fdhns  a 

completely  closed  sac,  so  that  there  are  two  pleurce,  or  two 

distinct  pleural  sacs,  one  right  and  the  other  left.     The  right 

liMQ  cocupies  the  right  pleural  sac,  and  the  left  lung  the  left 

{deoral  sbc,  as  may  be  seen  in  the  annexed  drawing,  fig.  13. 

The  cut  edge  of  the  right  pleura  is  distinctly  seen  on  liie  inner 

side  of  the  right  lung.  The  lungs,  I  /,  are  attached  only  at  their 

nx>t8,  which  are  found  at  their  posterior  borders ;  eveiywhere 

else  they  are  covered  with  a  layer  of  their  corresponding 

plenray  which  is  reflected  upon  them  at  their  roots,  so  that 

eadi  lung  is  really  outside  the  sac  of  its  pleura,  the  moist  inner 

sor&cea  of  which  touch  each  other,  —  the  lungs  everywhere 

filling  up  their  own  compartments  of  the  thorax.     In  Uie  root 

of  each  lung  is  found  a  branch  of  the  windpipe,  certain  large 

blood-Teflsels,  other  smaller  ones,  with  absorbents  and  nerves. 

Between  the  two  pleural  sacs  is  a  space  called  the  medias- 

timmij  in  which  many  parts  are  found.     The  chief  of  these  is 
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the  hearty  figs.  13  and  14  A.  This  organ  is  enclosed  in  a 
distinct  fibrous  bag  or  sac,  lined  by  a  smooth  moist  serous 
membrane,  and  named  the  pericardium,  the  forepart  of  which 
is  cut  away  in  fig..  13,  to  show  a  portion  of  the  heart,  h.  The 
heart,  as  seen  in  fig.  14  (in  which  both  lungs  are  taken  away), 
is  attached  above  by  the  tubes  or  great  blood-vessels,  which 
spring  from  it,  and  branch  out  into  all  parts  of  the  body.  Of 
tliese  vessels  there  are  two  kinds,  as  already  mentioned  in  de- 
scribing the  blood-vessels  of  the  limbs,  viz.,  arteries  and  veins. 
The  great  artery,  />,  whose  branches  are  distributed  to  the 
limgs,  is  called  the  pulmonary  artery  {pulmo,  the  lung) ;  the 
ptdmonary  veins,  which  proceed  fi-om  the  lungs  to  the  heart, 
rnter  that  organ  behind,  and  are  not  seen  in  this  figure.  The 
a.steridc  •  is  placed  on  the  aorta,  the  great  arterial  stem,  from 
which  all  the  arteries  of  the  body  are  given  off:  their  branches 
in  the  neck  and  elsewhere  may  be  known  by  their  being 
i^haded  with  cross  lines :  the  continuation  of  the  aorta  in  the 
aMomen,  below  the  diaphragm,  d,  is  also  marked  with  an  as- 
terisk *.  The  great  venous  trunks,  in  whicli  the  veins  of  the 
Ixxly  ultimately  end,  are  marked  r,  which  indicates  the  superior 
rena  cava,  receiving  the  veins  of  the  head,  neck,  chest-walls, 
and  upper  limbs,  and  v,  placed  on  the  inferior  vena  cava,  re- 
ceiving the  veins  from  the  lower  half  of  the  trunk,  and  from 
the  lower  limbs,  and  st^en  perforating  the  diaphragm  d,  to 
enter  the  heart.  Thus  attached,  at  its  base  only,  by  the  above- 
named  great  blood-vessels,  the  heart  projects  fonvards  and  to 
the  lert  side,  so  that  its  point  or  apex  comes  near  the  walls  of 
the  chest,  between  the  fiilh  and  sixth  ribs,  a  little  to  the  left 
of  the  sternum.  The  sac  of  the  pericardium,  below,  adheres 
to  the  diaphragm ;  at  the  base  of  the  heart  its  fibrous  layer 
adheres  to  the  great  blood-vessels,  but  its  lining  membrane  or 
serous  layer  is  refiected  upon  them,  over  the  surface  of  the  heart, 
so  tliat  this  organ,  like  the  lungs,  is  outside  its  serous  sac,  like 
a  man^s  head  thrust  into  an  old-fashioned  double  night-cap. 

When  the  heart  is  removed,  as  in  fig.  15,  it  is  seen  that 
l»ehide8  the  aorta,  a,  the  thorax  also  contains  the  lower  end 
(»f  the  trachea,  or  windpipe,  t,  which  divides  therein  into 
TWO  chief  branches,  called  the  bronchi,  which  ultimately 
nimify  throughout  the  lungs,  forming  its  innumenible  air-tubes 
or  bronchial  tubes  (see  fig.  111).  Tlie  thorax  also  contains 
the  longest  ^rtion  of  the  gullet  or  wsophagus,  o,  which  is  seen 
(lericending  from  the  pharynx,  p,  supported  all  along  upon  the 
bodies  of  the  vertebra,  and  which  perforates  the  diaphragm  t»» 
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enter  the  abdomen  behind  the  liver,  /  /',  and  end  in  the 
stomach,  s.  Besides  these  parts,  there  are  found  in  the  thorax, 
the  principal  absorbent  vessel  in  the  whole  body,  or  main  trunk 
of  those  Teasela,  called  the  thoracic' duct^  which,  as  shown  in 
%.  IOO9  runs  up  tbiong^  the  thxnax,  firam  the  abdomoi  into 
the  neck,  resting  clcKielj  on  the  vertebral  column.  Lastlj,  the 
thorax  also  contains  portions  of  the  sipnputheiic  nerves^  and 
tbtdr  bninehe^,  Theec,  ua  shown  hereafler  in  %»  64,  fivm  a 
hiotted  cord  on  each  side  of  the  vertebral  colunm. 

But  the  chief  cont*^nt»  of  the  thorax  are  the  heart  and  bings, 
tile  great  central  organs  of  circulation  and  respiration, 

c.  The  cavittfo/the  aMmnen  m  even  lens  protected  bj  bones 
ihan  that  of  the  chest,  bdng  siurounded  by  jaoft  parts  osifyf 
mch  s^a  broad  muscles,  tendons,  faacia^  and  !^kin,  exoeptinff 
ln^ljiud,  where  there  is  the  lumliar  portion  of  the  s,pine,  and 
k'low,  wliere  we  find  the  pelvis,  the  cavjtj  of  which  may 
l^.  regiirded  here  as  supplementafj  to,  as  it  is  diredtly  COn«- 
tiauous  with,  tlie  alidomiaal  space.  Alrove,  the  abdomen  is  as 
it  were  roc»fed  in  by  the  vaulted  diaphra^i,  tig.  14,  d.  The 
4^paci^  of  the  abdoitieiif  a."^  ia  needed  for  Itfi  contained  orga2i% 
(nay  rary  very  much. 

Deeply  sealed  in  tlie  abdomen  are  the  great  blood-Teasehl 
already  mentioned,  viz.,  the  ahtinminal  aorta  *  and  thumferior 
fma  €«ira,  v\  b^th  giving  off,  of  course^  their  nameroni 
brandiee.  Quite  at  the  Ijack  of  this  cavity,  correupcmding 
Hith  the  region  of  the  loins,  on  each  side  of  tlie  ^line,  are  the 
two  lidfie^&f  of  which  the  I  ell  one,  seen  in  %,  11,  k^  is  placed 
rather  higher  than  the  other :  from  the  inner  border  of  each 
kidney  descends  a  slender  tube  t/,  called  the  ureter,  which 
descends  into  the  pelvic  cavity,  and  there  opens  into  the 
bladder :  at  the  top  of  each  kidney  is  the  suprarenal  body.  In 
front  of  the  blood- vessels. and  kidneys,  are  found  the  essential 
organs  of  digestion,  which  indeed  occupy  nearly  the  whole 
abdomen.  These  consist,  first,  of  the  long  membranous  tube, 
constituting  the  abdominal  portion  of  the  alimentary  canal, 
and,  secondly,  of  certain  accessory  organs  called  glands. 

When  the  anterior  part  of  the  walls  of  the  abdomen  is  cut 
away,  as  in  fig.  13,  there  is  seen  a  small  portion  only  of  the 
large,  dark  red,  firm  glandular  organ,  called  the  liver,  a,  with 
the  end  of  its  little  attached  bag,  named  the  gall-bladder,  pro- 
jecting from  a  notch  in  its  lower  border ;  there  also  comes  into 
view  the  larger  portion  of  the  anterior  surface  of  a  dilated 
part  of  the  alimentary  canal  called  the  stomach,  s,  and  certain 
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poftioaa  of  the  refit  of  the  alimentaiy  canal,  nanielj,  mmi  o( 
the  coileel  foldings  or  co'nvolutwm  of  the  snialt  int€sttne^  b^ 
mrroimded  on  three  sides  hj  a  piirt  of  the  great  inte^tine^  c» 
htgpomng  the  tlionix  to  be  emptied,  and  the  anterior  half  of 
tile  diaphiagm  to  be  cut  away,  as  in  lig.  15t  tlien  tlie  liveTj  1 1% 
hw&ssEL  ocscupying  the  right  upper  part  of  the  abdomen,  close 
^  and  even  sunpeoded  irora,  the  imder  surface  of  the  dia* 
phragm ;  tlic  end  of  the  gall-bladder,  ^,  is  here  also  pkinly 
riiible.     Partly  covered  by  the  liver,  a^  i^own  by  the  dotted 
Imes^  is  the  stomach,  s^  with  the  lower  end  of  the  gullet,  o,  open* 
iag  iiito  it  abore  ;  at  the  lell  end  of  the  stomach  and  attached 
to  it  i*  a  flark  purjiliih  oi^n,  w,  named  rhe  tMit  or  spleen^ 
T»  the  right,  the  atoniach,  or  dilated  fmrt  of  the  alimentary 
(uml,  curves  downwardis  behind   the   transverse  part  of  the 
greit  intestine,  c  o^  and  opens  into  the  conunencemeat  of  the 
VUall  inteatine,  named  the  duothnum^  d;  the  succeeding  part 
rf  the  «mall  luteatiae,  named  the  jejunum^  ts  here  removed^ 
wd  »  b  the  lower  part  named  the  iimm^  except;  a  nhort  piece 
ttrt^  I ;  this  part  opens  into  the  commencement  of  the  large 
iDte»tine»  whieh  is  naminl  tlie  cacnm^  c,  from  which  a  littlr 
wonn-like   tube,   called   the   vermiform   appendix,   proceeds. 
The  C£cum  is  continuous  with  the  next  part  of  the  large  intes- 
tine, called  the  colon,  which  consists  of  four  portions,  named 
from  their  directions,  the  ascending,  transverse,  and  descending 
colons,  CO,  CO,  CO, and  the  sigmoid,  that  is  the  S -shaped flexure,/, 
of  the  colon.     The  remainder  of  the  large  intestine,  r,  the  ter- 
minal portion  of  the  alimentary  canal,  is  named  the  rectum^ 
from  its  comparatively  straight  course.     If  the  liver,  stomach, 
duodenum,  and  spleen  be  removed  together  from  their  position 
in  the  abdomen,  as  in  fig.  98,  and  if  the  liver,  I,  and  stomach, 
«,  be  then  turned  up,  so  as  better  to  show  the  duodeniun,  d, 
there  will  then  be  seen  stretching  across  from  the  curve  of  the 
duodenum  on  the  right,  to  the  spleen,  m,  on  the  left,  a  long 
pinkish-white  gland,  very  like  a  salivary  gland,  named  the 
pancreas,  b.     It  is  frirther  shown  in  this  figure  that  the  liver 
and  pancreas  are  provided  with  ducts,  which  open  into  the 
duodenum.     The  spleen  has  no  duct ;  neither  have  the  supra- 
renal bodies.     In  ^g.  15,  the  pancreas  is  concealed  by  the 
transverse  colon  and  stomach. 

Besides  the  various  above-named  parts  and  their  proper 
blood-vessels,  there  also  exist  in  the  abdomen  very  nimier- 
ous  absorbents.  Those  belonging  to  the  small  intestine,  named 
the  lactealSf  serve,  aa  we  shall  hereafter  see,  a  very  special 
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ofHcc,  and  empty  themselves  into  the  commencement  of  the 
thoracic  duct,  which  begins  in  the  abdomen  (see  fig.  100).  It  re- 
mains to  notice  that  the  lower  portions  of  the  right  and  left  sym- 
pathetic nerves,  and  their  branches  to  the  neighbouring  viscen, 
are  likewise  contained  in  the  abdominal  and  pelvic  cavities. 

There  are  no  special  or  separate  compartments  in  the  ab- 
dominal cavity,  as  there  are  in  the  thorax  ;  but  the  whole  is 
lined  by  a  single  smooth,  serous  membrane,  called  the  peri- 
tona^um.  This  membrane  is  also  reflected  on  the  stomach  and 
intestines,  reaching  them  from  behind,  along  their  blood-ve»- 
sels,  and  serving  to  support  them  by  folds  called  mesenUries, 
A  large  apron-like  fold  of  the  peritoneum,  containing  much 
fat,  and  named  the  great  omentum,  also  hangs  down  from  the 
stomach  and  transverse  colon,  over  the  small  intestines,  and 
doubtless  serves  to  protect  them  and  preserve  their  tempera- 
ture :  it  is  not  shown  in  any  of  our  figures.  The  peritoncam 
is  also  reflected  on  to  the  spleen  and  likewise  from  the  dia- 
phraflTTi  over  a  creat  part  of  the  liver,  assisting*  to  support  it 
and  to  Ibnn  itn  Bti-calliMl  liijamt  >it^  ■  hur  tlie  paucrcii^^  and  the 
kidneja  and  supra-renal  bodie.s  -aw  ;i!ti>gether  behind  it. 


BISSECTION   OF    AN    ANIMAL. 


There  are  manjrcspwts  in  which  the  pn»eeiiiiig  on  (Hue  of  ike  g«;ii(»nd 
plrtti  of  pfinj^naction  of  the  hQina.n  IkxIj  will  be  better  ttuderstoodi  if  the 
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broad,  or  long  and  slender,  whitish,  inextensible  cords  called  tendons* 
The  latter  are  principally  found  in  the  limbs ;  one  of  the  most  remark- 
able being  placed  at  the  back  of  the  leg,  and  connecting  the  muscles  of  the 
calf  with  the  heelbone.  In  dissecting  the  muscles  on  the  inner  side  of  the 
tlugh,  the  laige  bloodvessels  procecSding  out  of  the  abdomen  will  be  met 
wiuL, — being  known,  the  vein,  by  ita  being  a  flaccid  tube  containing  biood^ 
and  the  arUry  by  its  remaining  open  or  gaping,  if  cut  across.  Near 
these  vessela,  some  slender  white  cords,  which  are  nerves,  may  be 
detected ;  but  the  chief  nerre  of  the  thigh  will  be  found  at  the  back 
of  that  part  of  the  lower  limb,  descending  amongst  the  muscles  into  the 
ham,  or  space  at  the  back  of  the  knee.  Absorbent  vessels  also  exist,  but 
they  are  much  too  minute  and  delicate  to  be  detected  except  by  the 
most  expert  anatomist  using  very  special  means  of  research ;  the  ab* 
aarbent  glands  will  probably  also  be  overlooked,  in  the  fat  and  cellular 
tissue  of  the  groin.  The  muscles  and  their  tendons  being  now  cleanly 
cut  away  from  the  side  of  the  pelvis,  and  fix>m  the  thigh  and  leg,  the 
exposed  bones  are  seen  to  be  whitish,  moist,  though  hard  structures, 
eorered  closely  with  a  tough  membrane,  the  periosteum,  portions  of  which 
may  be  dissected  or  stripped  off.  The  joints  of  the  thigh  and  knee 
may  now  be  cleaned  externally;  and  their  ligaments,  the  fibrous  bands 
whidi  tie  the  respective  bones  together,  may  be  examined.  On  cutting 
through  the  latter,  the  closed  sacs,  or  cavities  of  the  joints,  will  be 
opened,  showing  the  articular  ends  of  the  bones,  nicely  modelled  so  as 
to  fit  together,  and  covered  with  closely  adhoront  and  beautifully  smooth 
cnrtihujf,  the  whole  moistened  with  the  \'i8cid  fluiil,  sipiovia.  secreted 
froTi  a  thin  aynovial  membrane  which  covers  the  interior  of  the  joint, 
eX'.vpting  the  eartiJages.  After  this,  the  thigh  l»one  may  bo  cut  or 
l'ri>ken  across,  or  lengthways,  to  show  the  outer,  dense,  or  compact  layer, 
and  the  inner,  opi*n,  or  cancrllaied  structure,  of  which  the  bones  are 
(i»mpose<l,  and  also  the  soft,  vascular,  and  fatty  tissue,  called  the  i/iarr</u\ 
found  in  the  cells  o{  the  latter.  The  upper  limbs,  with  their  muscles, 
which  ne«Hl  not  be  si^-cially  dissected,  may  next  be  partially  detached 
from  the  sides  of  the  trunk,  and  reflected  outwanls. 

It  will  now  be  observed,  both  ]»y  the  aid  of  sight  and  touch,  that 
whilst  the  forepart  of  the  tnink  is  ribl>ed  at  tlie  sides  and  front,  tlip 
hin<ler  part  has  soft  walls.  The  ribbed  part  is  the  thoraj-,  the  soft 
part  the  uhdo/mn.  These  two  cavities  should  then  be  ojjcned,  much 
after  the  manner  represented  in  regard  to  the  human  body  in  tig.  LS. 
To  open  the  thorax,  the  ribs  and  their  attached  mus<'Ie8  should  be  first 
cut  through  down  each  side  of  the  chest ;  then  th<'  lowest  cut  rib,  say 
on  the  left  side,  shrmld  be  traced  forward.  deta<*hed  from  the  soft  part,** 
V>elow  it,  an<l  once  more  cut  across  upwards,  near  its  anterior  end  ;  then 
the  next  ribs  in  succession  upwards,  \»nth  the  intervening  muscles,  nnist 
!«•  cut  in  the  same  way,  until  the  lower  end  of  the  sternum  is  reached, 
when  that  too  is  to  l>e  cut  across:  the  same  is  to  be  done  on  the  right 
^^ide.  The  \toT\y  and  muscular  flap  thus  formed,  consisting  of  the  st<'r- 
uura  or  bre;i>tlK>ne,  and  of  the  attached  portions  of  ribs,  is  next  to  be 
j'Tiileil  iipwartls,  and  forcibly  detached,  or  cut  away  from  the  ]>arts 
i>eneath  it.  being  raised  up  as  high  as  the  neck,  and  then  removed 
entirely ;  at  this  step,  the  windpipe  and  great  vessels  should  be  felt  or 
l'>>ketl  for,  and  certain  muscles  which  cover  them  may  be  lifte«l  upwards 
AH  high  as  they  ascend  in  the  neck  and  cut  away.     To  open  the  abdo- 
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men,  an  incision  may  be  first  made  through  its  membranoiu  and  mus- 
cular walls  along  the  middle  line ;  two  semilunar  cuts,  sweeping  round, 
one  on  each  side,  und  following,  first  the  lower  Imrders  of  the  nba,  then  the 
sides  of  the  abdomen,  and  then  the  upper  margin  of  the  pelris,  will  dr* 
cumscribe  the  entire  soft  fix>nt  of  the  abdominal  walls,  iniich  may  then 
be  lifted  up,  and  detached  by  severing  the  remains  of  a  sort  of  band, 
or  periUmaal  fipld,  which  is  one  of  the  supports  or  ligaments  of  the  liver. 
The  diaphrcurm  will  bo  seen  separating  the  chest  from  the  abdomen. 

In  the  ca\nty  of  the  abdomen,  after  noticing  the  general  smoothnni 
of  its  lining  membrane,  or  j>€rit(maum^  there  will  firet  Ixj  obeerred  the 
great  omentum,  an  apron-hke  peritoneal  fold  containing  little  masses 
of  fat :  this  may  bo  lifted  upwards  and  cut  close  along  its  upper  margin: 
the  small  intestine  will  thus  be  exposed.  The  contmutions  or  windings 
of  this  may  next  l)e  traced  downwards  to  its  lower  end,  which  wul 
lie  foimd  al)ove  the  right  groin,  where,  being  first  tied  in  two  pUces 
about  an  inch  apart,  it  may  be  cut  across  between  the  strings.  The 
small  intestine  itself  is  now  to  be  removed  by  cutting,  fix)m  Mow  up- 
wards, through  the  peritoneal  fold,  called  the  inrsentery,  which  holds  it 
to  the  back  of  the  abdomen,  and  in  which  the  bloodvessels,  absorbents 
or  lact4.^al«,  und  nen-PH  of  the  intestine  are  support^'d ;  on  reaching  the 
more  fixed  uppiT  part  of  the  small  intestine,  it  is  aigain  to  be  tied  in 
two  places  and  cut  through;  by  which  st-op,  the  detached  part,  consistijig 
of  the  jrjunum  and  ileum^  may  be  entirely  removed.  The  larae  intet' 
tine  may  now  l)o  traciMl,  ascending  along  the  right  side,  passing  next 
across,  descending  along  the  left  side,  and  then  entering  the  pelvis.  Its 
comniencenient  is  nai!ie<l  the  ctrcum,  and  from  this  it  will  be  found 
then-  priiive<lH  ith  <  iiMrmnits  Minti-innlril,  ypirniiy-rnurlii  i  tnln?  or  <nil' 
de-.-*UL\  wlait'li  i*  u  liii^fily  ilovtl-jpo*!  k^u-iiil  iip[jfTtil;i;L:^\  umi  in  ivpr<'t*otJti'd 


The  animal  obqans.  .17 

m^a  cava,  wDl  come  into  view.  The  knotted  cords  of  the  sympathetic 
nerve  will  also  be  seen. 

In  the  thorax,  the  two  lateral  compartments  formed  bj  the  right  and 
left  amooth-sur&ced  pleitra  will  be  immediately  observed,  each  con- 
taining  its  own  iung^  which  light  pinkish-white  spongy  organs  will  be 
found  to  have  shrunk  a  little  so  as  no  longer  to  fill  their  respective 
{denral  sacs ;  at  the  back  part  of  each  lung  its  attached  portion  or  root 
will  be  discovered,  upon  which  the  pleura  passes  to  cover  the  lung  itself. 
By  pulUng  on  the  roots  of  the  lungs,  their  connection  with  the  windpipe 
is  easily  proved,  as  that  part  is  seen  to  move  accordinglv.  Air  should 
also  be  blown  down  through  a  glass  tube  into  the  windpipe,  by  which 
means  the  longs  will  be  instantly  inflated.  Between  the  two  lungs  and 
partlv  overiapped  by  them,  is  the  pericardium,  the  bag  or  sac  in  which 
the  neart  is  contained :  this  must  be  opened,  to  show  the  heart  in  its 
Batural  position,  having  its  free  point  or  apox  turned  towards  the 
ribs,  and  its  broad  attached  base  directed  towards  the  back.  The 
pericardium  may  now  be  snipped  away  firom  the  diaphragm,  and  also 
from  the  great  bloodvessels,  wnich  are  seen  springing  from  the  base  of 
the  heart,  and  passing  upwards  to  the  neck,  and  sideways  to  the  roots 
of  the  longs.  The  great  bloodvessels  at  the  root  of  the  neck,  branch- 
ing some  to  the  head,  and  others  to  the  upper  limbs,  may  next  be 
divided,  together  with  the  windpipe,  and  then  all  these  parts,  with  the 
heart  and  lungs,  may  be  stripped  off  downwards :  on  being  laid  upon 
a  board  and  examined  from  behind,  the  course  of  the  trachea  or  wind' 
pipe  and  its  two  branches  or  bronchi,  as  they  go  to  the  lungs  may  be 
distinctly  traced.  There  remain  in  the  thorax  itself,  the  thoracic  portions 
of  the  aorta  and  the  guUet,  the  course  of  which  last,  from  the  neck 
dtwrn  through  the  diaphragm,  may  be  again  demonstrated  by  aid  of  a 
qaill.  The  diaphragm  itself  may  now  also  be  studied.  It  is  useless 
to  search  for  the  thoracic  duct,  which  however  lies  behind  the  gullet, 
^n  the  vertebral  column.  With  care,  the  knotted  cords  of  the  sym- 
pathetic  nerves  may  be  found,  one  at  each  side  of  the  spine. 

The  npper  remaining  portion  of  the  windpipe  may  next  be  traced  up 
to  the  cartilaginous  box,  called  the  larynx,  and  the  gullet  up  to  the  phi- 
rynx.  At  the  side  of  the  face  and  neck,  just  between  the  lower  jaw 
and  the  ear,  will  be  found  the  principal  salivary  gland,  called  the 
parotid  gland;  another,  the  suhmaxiUary,  lies  below  the  jaw  in  the 
neck.  The  lower  jaw-bone  may  now  be  split  or  cut  through  in  the  mid- 
dle line,  and  its  right  half  detached  from  the  parts  beneath  and  taken 
away  at  the  joint  near  the  ear :  this  opens  one  side  of  the  mouth,  and 
pharynx ;  and  the  opening  thus  made  should  be  extended  down  the 
gullet.  The  tongue  with  the  suHingucd  glands  being  drawn  aside,  the 
sht-like  aperture,  called  the  glottis,  which  leads  into  the  larynx  and  so 
into  the  windpipe,  is  seen ;  and  also  a  small  valve,  called  the  epiglottis, 
which  falls  back  from  the  root  of  the  tongue  over  this  opening.  A 
quill  passed  backwards  through  each  nostril  will  show  the  communi- 
cation of  the  nasal  cavities  with  the  upper  part  of  the  pharynx.  The 
ear  should  be  removed  as  close  as  possible  to  the  head,  to  show  the  pas- 

7e  leading  into  the  temporal  bone,  which  contains  the  internal  chambers 
the  ear.  The  eyelids  may  be  divided  at  their  outer  comer  and 
reflected  back,  to  show  the  position  of  the  eyeball,  with  its  muscles  and 
stalk-like  nerve,  lodged  in  the  eyesocket  or  orbit, 
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The  cranium  should  now  be  opened  by  a  transrerse  saw  cut  made 
careftilly  tlirough  the  bone  only,  above  the  orbits,  met  by  two  others 
running  buck  to  the  occipital  foramen.  The  top  of  the  skull  thus 
separated  is  to  be  raised  up  in  front  by  a  blunt  chisel,  and  pulled 
on  forcibly  backwards.  The  dura  mater  thus  exposed  is,  with  its 
smooth  arachnoid  lining,  to  be  cut  along  the  same  line  as  the  bones, 
raised  up  and  snipped  away.  The  soft  pulpy  braifif  much  smaller,  and 
more  pointed  in  front,  than  the  human  brain,  and  nearly  smooth  as 
com{)ared  with  that  (see  figs.  58  and  69),  is  then  to  be  removed  by 
])eing  raised  up  in  fix>nt.,  certain  bloodvessels  and  all  the  nerves  given 
off  from  its  under  surface  being  divided  one  bv  one,  as  they  pass  to 
their  respective  openings  in  the  base  of  the  skull :  last  of  all,  the  thick 
prolongation  from  the  ]>ase  of  the  brain,  down  the  spinal  canal,  called 
the  spinal  cord,  will  require  to  be  cut  across.  The  distinction  between 
the  cerebrum  and  cerebellum  having  been  noticed,  and  the  layer  of  arodl* 
noid  with  the  subjacent  vascular ^a  mater  still  covering  their  surfaces,-^ 
the  course  of  the  spinal  cord  down  the  backbone  may  be  either  traced 
by  cutting  open  the  vertebral  canal  (a  very  difficult  task),  or  a  fine  twiff 
or  wire  may  be  thrust  down  to  demonstrate  the  existence  of  the  cansL 
It  is  from  the  sides  of  the  spinal  cord  that  the  nerves  of  the  walls  of  the 
trunk,  and  the  nerves  of  the  limbs  are  given  off. 

The  practical  information  obtained  by  such  an  examination  of  the  va-' 
rious  organs  in  the  body  of  a  dog  or  rabbit,  as  is  above  prescribed,  must 
now  be  transferred,  as  it  were,  to  the  study  of  the  human  oiganism. 
Beside  those  marked  differences  in  the  configuration  of  certain  parts 
which  have  been  incidentally  mentioned,  and  others  which  will  be  ob- 
vious enough,  it  must  by  no  means  be  forgotten  that  the  muscles  are 
pult^r^  fttid  their  tissue  aufter,  ami  that  tla*  mt4?rmediatc  areolar  tifisne. 


^^^P  TSE   XONC^UE   OF   THE   ^HISEF.  H 

^pi^  or  web  of  dense  mriolar  cGuneettce  iisgut^  covered  willi  a 
flCmtiiiD  of  tpithelial  ttssut ,-  next  beneath  t"hi»  is  the  proper 
tubatsnca  or  fstripotl  muscular  itssu^  of  die  heart,  w]iich  ia 
UlSfid  witli  a  very  minute  qmmrity  of  ftne  areolar  tissue  | 
dciO&fy  Mited  in  the  interior  of  tht*  heart,  are  certain  rings, 
OOras  md  valvea  or  tlajis  eom^wed  of ^broirs  connective  tis^e; 
mi  the  mtemal  surfaces  of  its  canities  are  hned  with  a  thin 
CBOOtL,  membmne,  named  the  endocardium^  which  i»  like  a 
liTG^lli  nn^mbrane  in  ita  nature,  being  composed  of  a  very  fine 
kjcr  of  armlttr  eomiective  tisstie  covered  with  a  veiy  delicate 
^fthelinm.  Betides  this,  the  ht^rt  has  its  proper  blmdvssMii 
md  ahmriteHtSj  aU  of  which  have  their  comjjouimt  tiissuea, 
m,  artrthr,  daMliCj  unMriped  muscular^  and  epithelial  tissues. 
iM^dj  tltrre  are  the  mrvts  and  ffanglia^  which  conaiat  of  the 
MrvpfM  iiJfiftieji,  supported  by  sheathi*  of  armlar  conmctive  tissue. 
I     So  on  of  all  the  organs  in  the  body, 

I  Of  lat*?  years,  under  the  name  first  of  General  Anatomy, 
I  lad,  ixoWf  uflfistoifjgy  {Wo^,  histos^  a  web,  and  Xoyof,  lotjos^  a 
I  diii3<raiiie)f  the«e  tisguei  or  textures  have  been  verj-  minutely 
i^odied  by  aid  *^f  the  microst'Dpe  and  certain  chemical  re- 
agents ;  and  it  is  truly  remarkable  what  a  variety  of  beauti- 
fully adapted  minute  elementary  tissues  have  thus  been  dis- 
criminated both  in  animal  and  in  vegetable  organisms. 

TEXTURES   IN  THE   TONGUE   AND   LARYNX   OP   A   SHEEP. 

The  tonga«s  laiynx  and  upper  portion  of  the  trachea  or  windpipe  of 
a  theep,  attached  to  a  piece  of  the  middle  of  the  lower  jaw-bone,  being 
obtained  from  a  butcher,  a  dissection  like  that  represented  in  fig.  16 
may  be  readily  made  with  a  little  care,  the  parts  being  first  fixed  with 
strong  pins  upon  a  piece  of  board,  and  then  portions  being  removed  from 
the  right  side  of  the  organ.  Examples  of  eveiy  kind  of  tissue  will  be 
met  with  in  such  a  dissection ;  and,  from  it,  as  the  tissues  of  the  sheep 
more  nearly  resemble  the  human  textures  than  those  of  the  rabbit,  their 
naked  eye  appearances,  their  mutual  relations,  and  their  adaptation  to 
particular  purposes  will  be  better  understood,  preparatory  to  studying 
tbair  microscopic  characters  in  the  human  frame. 

The  solid  walls  of  the  larynx,  c,  and  also  the  firm  rings  which  nearly 
Borround  the  trachea,  afford  an  example  of  one  variety  of  that  white 
semi-cmaque  firm  elastic  substance  called  cartUage  or  gristle.  Parallel 
with  tne  upper  border  of  the  larynx  are  the  several  pieces  of  the  lingual 
or  hyoid  bone,  which  is  large  in  the  sheep,  and  presents  us  with  an 
illustration  of  osseous  tissue^  which  however  is  better  exemplified 
in  the  lower  jaw,  b.  Both  the  cartilages  and  the  bones  are  covered  with 
a  so-called  fibrous  membrane  composed  of  fibrous  connective  tissue  named 
in  the  former  case  the  jperichondrium^  and  in  the  latter  the  periosteum^  p. 
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TEE  TOKGUfi  OF  THE   SHEEP.  41 

In  the  open  or  cancellated  stractnre  of  the  jaw-hone,  wiH  he  found  M>m« 
marrow.  The  tooth  furnishes  us  with  an  example  of  tooth-substance,  or 
dentine^  of  the  enuia  petrosa,  and  of  the  hard  pearly  enamel  hj  which 
rtB  smooth  exposed  part  is  ooyered.  The  rings  of  the  trachea,  the  laiynx, 
and  the  pieces  of  the  hjoid  hone  are  connected  together  hy  simple  mem- 
brane, of  ^hich  the  piece  marked,  m,  is  a  good  illustration,  consisting 
of  dense  areolar  connective  tissue ;  in  it  will  he  found  examples  of  the 
little  lobulated  masses  of  adipose  tissue  or  fat,  /.  Plenty  of  the  loose 
form  of  areolar  connective  tissue  is  also  found  (in  many  places  charged 
with  &t),  oonnecting  the  different  parts,  and  surrounding  and  si^port- 
ing  them.  In  the  functions  of  the  seyeral  pieces  of  the  lar}rnx,  (to  he 
earoosed  hj  dissecting  the  piece,  c,  away  from  the  rest)  little  joints  even 
win  he  detected,  united  hy  ligaments  composed  of  fibrous  connective 
,  and  lined  hy  synovial  membraneSj  consisting  of  a  hasis  of  areolar 


eomneeUffe  tissue,  coTered  hy  a  layer  of  epithelium.  On  examining  the 
Ulterior  of  the  larynx,  it  will  he  tovind  that  the  slit-like  opening  c^led 
the  glottis  is  hounded  on  each  side  hy  two  yellowish  looking  cords,  the 
9oeai  cords  :  these  are  composed  of  nearly  pure  yellow  elastic  tissue.  The 
Tihre  at  the  root  of  the  tongue,  called  the  epiglottis,  which  projects  oxer 
the  aperture  of  the  glottis,  is  made  up  of  a  mixture  of  cartilage  and 
elastic  tissue,  or  yellow  fibro-cartilage. 

Situated  in  the  suhstance  of  the  memhrane  composing  the  hinder  flat- 
tened part  of  the  trachea,  where  the  rings  do  not  reach,  are  transTerse 
bands  of  a  pale  pinkish  hu(» :  these  consist  of  the  unstriped  or  simplest 
form  of  muscular  tissue,  such  as  is  found  in  tlie  viscera  generally,  except- 
ing only  the  heart.  The  mass  of  the  tongue  consists  of  the  striped  form 
of  muscular  tissue,  such  as  constitutes  the  flesh  or  muscles  generally. 
As  shown  in  the  dissection,  this  striped  muscular  tissue  is  composed  of 
bundles  of  soft  fibres,  which  are  collected  into  definite  masses,  or  mnscles, 
Fuch  as  are  marked,  yn,  m,  m,  one  radiating  from  the  lower  jaw  through- 
out the  whole  tongue,  another  passing  from  the  lower  jaw  to  the  hyoid 
bonp,  and  others  passing  in  form  of  tlire(?  bundles  from  Tarious  points 
of  the  hyoid  bony  apparatus  to  different  parts  of  the  tongue, — one  reach- 
ing to  it«  very  tip. 

Entering  the  tongue  at  its  side  near  the  root  is  one  of  those  blood- 
ressels  which  are  called  arteries,  a  ;  and  passing  out  from  the  tongue 
near  it  is  a  iWw,  v  ;  the  branches  of  both  being  traceable  far  into  the 
tongue,  where  they  finally  end  in  a  common  miiting  network  of  those 
minute  vessels,  invisible  to  the  naked  (»ye,  named  capillaries.  All  the 
U<x}d  of  the  tongue  in  the  natural  state  is  contained  within  these  three 
kind.**-  of  tubes  or  vessels.  There  are  also  ahsorhenis  belonging  to  the 
tongue,  but  these  it  is  iraposHible  to  see.  Two  nerves,  n,  ri,  likewise 
penetrate  the  tongue,  one  of  which,  the  hinder  one,  sends  its  fine  branches 
into  the  muscular  substance,  being  a  muscular  nerve ;  whilst  the  other, 
the  forward  one,  gives  off  twigs  which  advance  tlirough  the  muscular 
substance  to  the  surface  of  the  organ,  and  supply  the  soft  moist  meyn- 
brane  or  skin  which  everywhere  covers  it  in  the  natural  condition. 

This  membrane  or  skin  is  a  mucous  memhrane.  It  is  indeed  only  a 
part  of  that  extensive  raucous  membrane  which,  commencing  at  the 
mouth  and  nostrils,  passes  from  both  points  backwajxls  into  the  pharjnx, 
and  thence  into  the  larynx,  and  along  the  windpipe  and  its  branches 
into  every  part  of  the  lungs,  and  also  down  the  gullet,  along  through 
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the  stomach  and  the  rest  of  the  alimentary  canal.  On  the  under  side 
of  the  free  part  of  the  tongue,  where  it  is  continuous  with  the  guma, 
this  covering  membrane  is  smooth,  but  on  the  fore  part  on  the  top  of  the 
tongue,  pa^  it  is  covered  with  little  eminences  called  papilla^  or  is 
papillatcKl ;  further  back  it  has  larger  papillffi,  and  is  also  provided  with 
mueovs  follicles  and  glands^  —  little  organs  which  secrete  or  form  the 
TMwus  or  general  moisture  of  the  mouth.  The  saliva  is  formed  by  more 
complex  secreting  glands,  of  which  one  called  the  sublingual  glands  g, 
is  shown  in  the  dissection.  It  is  a  lobulated  mass  from  which  maqy 
shoit  tubes  or  dticts  proceed  and  enter  a  larger  tube  or  duct,  d,  beneath, 
which  comes  itself  from  the  submaxillary  gland,  not  shown  in  the  figure, 
and  opens  on  to  the  surface  of  the  mucous  membrane  beneath  the  fore- 
part of  the  tongue,  where  it  discharges  its  salivaiy  secretion  or  saliva 
into  the  mouth.  These  and  all  other  secreting  glands,  as  we  shall  here* 
after  see,  are  but  appendages  or  extensions  of  the  mucous  membrane^ 
which  is  prolonged  into  their  ducts.  The  mucous  membrane  of  the 
tongue  is  formed  of  a  layer  of  condensed  areolar  connective  tissue  covered 
by  an  epitheliunu  Its  epithelium  is  of  the  kind  called  squamous.  The 
epithehum  covering  the  mucous  membrane  of  the  interior  of  the  laiynx 
and  windpipe  is  columnar  and  ciliated,  L  e.  provided  with  microeoopic 
lash-like  moving  organs  called  cUia, 

The  tissues  thus  enumerated  and  demonstrated  from  the  sheep's  tongue 
and  larynx  may  even  be  used  for  microscopical  examination  to  illus- 
trate the  descriptions  now  to  be  given  of  the  human  tissues  A  few 
special  tissues,  such  as  the  brain  substance,  the  sul)stance  of  peculiar 
glands,  and  the  parts  of  the  organs  of  the  senses,  as  well  as  pure  arti- 
cular cartilage,  and  white  fibro-cartilage,  may  be  taken  also  from  the 
sheep.     There  is,  however,  no  skin  like  the  human  skin. 

In    examinini:^  fhf?  ti^Knes  miemp(^pk'jilly  a    common  watchraaker's 
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a  c«?rtaiii  moyemait  amongst  them ;  it  conKiHts  of  a  loose  moiit 
«SteDiub1e  web,  compossed  of  interlacing  bundles  and  hand.% 
hiving  intervals  between  them  calked  areo/iF  or  cflte^  whence 
if  ia  nam€4  also  c^ilalar  tinmie.  These  areolae  con* muni cat4> 
timitigb  the  whole  body,  and  are  the  spaces  in  which  the  Git 
lakNlgied,  and  in  which  fluid  collects  in  general  dropsj'*  Under 
llie  min^  and  the  mucous  and  other  membranes^  the  areolar 
ecmnectiYe  tissue  ifl  named  subcatanemu^  mibtmtcfMHf  and  Mt 
mi*  In  a  more  condensed  form  it  ctin^titutea  the  basis  of 
ihoie  roembraneji  themselves* 
The  bundlea  of  tliia  tissue  are  made  up  of  deliote  trans- 

Et  colourless  /f/omfrtfs,  fig.  17,ff,  held  together  by  moist 
^eous  matter.  The  £lament«  are  wavy,  and  da  not 
h ;  and  the  bundles  interlace  m  all  directions  ;  hence  the 
ftadbility  and  extemsibility  of  this  widely  spread  and  important 
taMue*  Its  resiliency  is  due  to  t!ie  intermixture  of  numexoua 
^ceedingly  iiDe  fibres  of  elmtic  tissue. 
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Fig.  17.  a,  interlacing  bundles  of  colourless  wajy  filaments  of  the  areolar 
oonnectiTe  tissue,  b,  parallel  wavy  filaments  of  the  fibrous  connective 
tissue,  e,  a  single  filament,  swollen  up  after  the  addition  of  weak  aoetio 
acid,  and  showing  certain  fine  dark  fibres  of  elastic  tissue  coursing 
upon  it.    Magnified  iOO  diameters,    (a,  6,  The  Author ;  c,  Kdlliker.) 

The  fibrous  form  of  the  connective  tissue  consists  of  the 
same  elements  as  the  areolar  form,  viz.  colourless  filaments 
mixed  with  fine  elastic  fibres ;  but  the  white  filaments,  instead 
of  being  in  open  interlaced  bundles,  are  arranged  in  close 
parallel  ones,  having  a  shining  aspect,  and  marked  with  faint 
cross  waves,  fig.  17,  h.  The  fibrous  tissues,  therefore,  are  not 
loose  and  extensible,  but  strong,  imyielding  and  glistening. 
Straight  intersecting  bands,  held  firmly  together  in  one  plane 
by  areolar  tissue  constitute  ih^  fibrous  memhranesy  such  as  the 
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periosteum,  the  pericardium,  the  outer  coat  of  the  eyeball,  the 
broader  ligaments  and  tendons,  and  the  strongest  parts  of  the 
&scia  investing  the  muscles  of  the  limbs.  Straight  parallel 
bands  closely  held  together,  constitute  flattened  or  rounded 
fibrous  cardsy  such  as  certain  ligaments,  and  the  long  tendons  of 
many  muscles. 

The  areolar  and  fibrous  tissues  are  not  very  vascular ;  nor 
have  they  many  nerves.  They  are  almost  insensible,  except 
when  innamed.  Tendons  and  ligaments  suffer,  however,  from 
being  overstretched. 

Elastic  tissue. — This  tissue  is  so  named  because  it  is  not 
merely  extensible,  but  retracts  afler  it  has  been  stretched^  like 
vulcanised  india-rubber. 

The  very  fine  elastic  fibres,  which,  as  already  mentioned,  are 
mixed  with  the  filaments  of  the  areolar  and  fibrous  tissues,  are 
best  shown  by  treating  these  latter  with  acetic  acid,  which 
causes  the  white  filaments  to  swell  up  to  a  great  size,  whilst 
the  elastic  fibres  remain  singularly  well  defined,  appearing  as 
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THE   ABIP06E   TISSUE.  4i 

in  tlie  two  vocal  cords  of  die  laiynxj  and  in  certain 

peculiar  ligamenta  of  the  Sjpinti.  In  tbe  el^tie  coat  of  the 
iTteries  many  of  the  fibres^  are  fattened,  and  join  together  bo 
frequeotlj  as  to  form  a  rery  close  network,  %*  It),  a,  or  even  a 
p^rjbraitd  membrane j  fig.  19,  6*  Tbe  elastic  tissue  is  neither 
Tery  Tsacukr  nor  P^jnmiiye, 

Adipose  tissue  or  fai,  —  This  tissue  conaiflti^  of  nnmeroim 
nmndiBh  or  oviU  cjompressed  ve^iclesi  fiDed  with  an  oily  fluid 
and  held  in  diiBiera  by  minute  bkiodves«ela,  ai^d  by  thefilamenti* 
of  the  areolar  titisne  in  which  they  lie,  flg,  20,  The  fiitty 
maitter  wilhin  the  ve«icle8,  though  fluid  at  the  nartiral  tempera- 
lure  of  the  t»ody,  becomes  more  BoUd  a&i  this  gets  cool,  and 
BometimeA  even  partly  crystnllises*  In  tlie  state  of  emaeiationi 
the  Jat  vesicloi^  become  shrivelled  and  emptied  of  oiL 
1  The  fet  acts  as  a  filling  or  padding  material  in  the  body, 
I     b^Cfreen  other  |iarts ;  it  also  serves  to  smooth  and  round  the  • 


Fig.  20. 


Fig.  20.  Veticlesor  cells  of  the  adipose  tissue  or  f&t,  supported  by  filaments 
of  areolar  connective  tissue.  The  cells  are  supposed  to  be  filled  with  an 
oily  fluid.    Magnified  100  diameters.    (Sharpey.) 

outline  of  the  form ;  it  acts  as  a  non-conductor  by  which  heat 
is  retained  in  the  body ;  and  it  is  a  store  of  nutriment  always 
arailable  for  use.  It  is  more  abimdant  in  children  and  in  females, 
than  in  adults  and  males  generally.  The  circumstances  caus- 
ing it  to  vary  in  quantity  will  be  hereafter  discussed.  Fat  is 
never  found  within  the  skull,  where  its  alternate  accumulation 
and  disappearance  might  interfere  with  the  ftmctions  of  the 
brain  ;  nor  in  the  lungs,  whose  action  it  would  impede ;  nor  in 
the  eyelids,  whose  movements  it  would  hinder. 

Tbe  marrow  of  bones  is  chiefly  a  fine  adipose  tissue.  Fat 
generally  is  a  very  vascular  texture ;  but  it  is  supplied  with 
very  few  nerves  indeed. 

Cartilage,  fibro-cartilage,  and  yellow  Jihro-cartilage. — Pure 
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cartilage,  or  articular  cartilage,  such  as  coyers  the  ends  of  the 
bones  at  the  joints,  is  a  firm,  elastic  opalescent  substance, 
which  consists  of  a  homogeneous  or  faintly  granular  solid 
matrix,  containing  certain  spaces  in  which  are  embedded  the 
rounded  or  compressed  bodies  containing  little  nuclei,  and  called 
cartilage  cells  or  corpuscles ,  fig.  21,  a.  Near  the  free  surfiioe  of 
a  cartilage  these  corpuscles  are  flattened  out,  but  deeper  they 
are  arranged  vertically,  so  that  the  cartilage  splits  more  easily 
in  that  direction.  In  the  cartilages  of  the  laiynx  and  windpipe, 
in  the  gristly  part  of  the  nose,  and  in .  the  cartilaginous  por- 
tions of  the  ribs,  wliich  are  fixed  to  the  breast-bone,  the  matrix 
is  indistinctly  striated.  The  cartilages  of  the  ribs  and  laiynz 
become  bony  in  old  age. 


Fig.  21. 
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called  the  canals  of  Havers,  which  form  a  longitudinal  network 
in  the  bone-substance,  and  open  by  minute  pores  on  the  surface. 
The  finest  canals  are  near  the  surface  of  the  bone  :  further  in, 
they  get  larger  and  at  length  open  into  obvious  channels  which 
becoming  still  wider,  form  at  length  the  cancelli  of  the  spongy 
tissue,  which  finally  mei^e,  at  least  in  the  long  bones,  into  the 
central  cavity  for  the  marrow  or  medullary  cavity,  fig.  22,  a. 
When  more  highly  magnified,  b,  and  fig.  23,  the  bony  substance 
surrounding  these  canals  and  cancelli,  is  seen  to  be  arranged  in 
concentric  laminee  firmly  united  together,  and  having  lying 
between  them  very  minute  cavities  called  the  lacunce  of  bone  or 
hone  corpuscles,  fi*om  which  numbers  of  exceedingly  fine  tubuli 
called  canaliculi,  pass  into  the  solid  substance  of  the  lamins. 

Fig.  22. 


Fig.  22.  (Sharpey).  o,  cross-slice  of  the  ulna,  one  of  the  l)oncs  of  the  fore- 
arm, showing  the  cavity  for  the  marrow  in  the  centre,  and  the  pores  in 
the  surrounding  hone,  b,  the  dark  piece  of  a,  liighly  mancnified,  show- 
ing the  canals  of  Havers,  and  the  laminated  structure  of  the  surround- 
ing solid  bone,    a.  Natural  size ;  b,  magnified  12  diameters. 

and  connect  neighbouring  lacuna?  and  Haversian  canals.  In 
tlie  living  state,  the  Haversian  canals  are  occupied  by  small 
utten  capillary  bloodvessels,  which  enter  the  bone  from  the 
p«>riost43um,  and  communicate  also  with  the  bloodvessels  of  the 
marrow.  Bone  is  therefore  a  very  vascular  tissue  :  most  of  its 
vessels  reach  it  from  the  periosteum ;  but  in  the  long  bones, 
there  is  asually  an  artery  for  the  medulla  which  enters  the  bone 
by  a  distinct  orifice.  A  nerve  enters  at  the  same  opening ;  but 
bone  is  not  sensitive  unless  inflamed. 

Dry  bone  consists  of  two-thirds  of  earthy  matter  and  one- 
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third  of  animal  matter,  the  two  being  eyexywhere  intimately 
blended ;  for  the  former  may  be  rcmoyed  by  acids,  and  the 
latter  by  burning,  without  destroying  the  shape  of  the  bone« 
In  bone  Hofleued  by  acid,  a  fibrous  structure  can  be  shown  in 
the  laminss.  Healthy  bone  is  a  yeiy  strong  material :  it  is 
somewhat  elastic ;  and  the  hollows  m  its  substance,  besides 
iacilitating  its  nutrition,  make  it  mechanically  better  fitted  for 
its  purposes,  by  spreading  out  a  giyen  weight  of  substance 
into  more  space,  and  making  it  proportionally  more  resistcnt. 

Fig.  23. 


Fig.  23.  (Sharpey.)  A  very  flne  section  of  bone,  showing  two  of  the  canals 
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lUlutt^  act>tic  acii  the  eubf^t^ticii  of  tlie  fibre  b«*ct»mefl  tnwis- 

nr@it  mid  tUt*  nuek'i  vtiry  diKlirict  {»et*  tlt<3tjbrt*  to  flic  nirhl), 

ikric  iixiti  chrtimic  at^idji  breiik  thein  up  iwU>ykjfi/of7/i  hotlU^ 

mXLbd  ^0h^€€il»^  aa  at  *,  eaeb  including  oHt*  of  th«*  iititrlei, 

bat  bdiig  witliotit  a  recoguimbb  eavelopn  or  liitiiting  ineoi- 

)  liriiie»    III  eertaiii  jiarUv  »a  in  ibe  splecD  of  tinimals,  in  nt^diuiit- 

liloodve^eeJit,  and  in  tlie  «kin,  siogle  fiiwiRirm  fibre-cell« 

ft;  bui^  in  mcwt  jylac<*»,  th^w  are  joinod  in  an  nvwrkppiiig 

Hiier,  to  iorm  tbo  sn-ralleH  plain  Tnij»kciilar  fibrus*     In  iIju 

*kf  tlic  alimentarv  oanal  and  elsewhere^  lhe#e  fibreiii  form 

iafBrlarmil  band^  arranged  in  bn^ad  lay€^r»  t>r  tunii'i*.    Tht*ir 

tHreniilii's  are  never  aflaclied  to  Ivcme,  but  pajw  into  bundles 

«f  ibi^ttft  eoonactive  ti^me^  ^tid,  m  th@  gtUlet,  bav^  ix^eu  seen 


Fig.  24. 


hg.  S4  o  <TIm*  Awlhofh  poriiotifi  of  four  plaJn  or  iinitHrKMl  musculiir 
Alii^»  ftti£Ei  thu  lilajlikr;  that  on  the  ri^ht  la  n^nderod  trtiknflparerit,  iLiid 
jt«  ccrtitwiiipti  mclol  moro  erldetit,  hy  Iwing  aet^d  on  by  Mt^tlc  »CHJI. 
llMmiO'ni  170  dlAntf Icn.  b  i  KilllilEctK  t  wo  |>ltin  muaeula-r  fihrp-eelli  tnym 
the.  pis'*  fuQet,  %rva!t^  with  nitrie  acid ;  une  Isng  tn)«  thiin  the  btimafl 
ftit«sticiew  uid  one  from  Ibc  c>o*i»  of  the  doff'i  iidecii,  not  tnated  with 

lo  present  microscojiic  tendinous  interaections.  In  the  wind- 
pipe, they  t^?niiinate  in  bundles  of  elastic  tiaaue ;  in  the  akin^ 
otfen  on  ibe  sides  of  the  hair- foil icle^?. 

Tlae  itriped  or  stnateti  mtfsrnhirji^reSf  fig.  25^  are  far  more 
eiaboracelj  oi^ganised,  presenting  a  much  more  definite  and 
r^^ular  structure.  They  are  soft,  compressed  or  prismatic  in 
shape,  and  marked  with  beautifiilly-regular  cross  lines  or  stricB, 
Each  fibre  is  enclosed  in  a  delicate  glassy-looking  structureless 
tube  called  the  sarcolemmaj  as  shown  in  the  ruptured  fibre,  b ; 
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upon,  or  within f  the  sarcolemma,  numerous  nuclei  containing 
one  or  more  nucleoli  are  aeen  on  the  application  of  acetic  acid. 
The  soft  substance  of  the  fibre,  transparent  and  of  a  yellowish 

Fig.  25. 


THE   MUJrtCULAl!  TT^tE, 


H 


€*r  tho  fihrillie  gives  ri^p  to  fa  inf.  longitudinal  lines  m  tlie 

6hr*fli ;   whilst  tlie  eqiiaJ  si^*?,  tlii3  fuiiJbmi  arraiip;!*!^^!!!,  and 

tlie  accurate  adaptation  of  the  aarcoua  clenjeutH^  ivliicb  aet 

peculiarly  on    txansmitted  light,  produce  the   more  yvidt>nt 

Ifansfv^nse  atri^.     Sometimes,  eveiii  as   sJiowti   in   t\  a  librt! 

q:>lit«i  into  tKLnsrerse  dii^cii  opposite  the  inti?jrvnlH  between  eur^ 

T^^sponding  rows  of  .narcotti  elementa*     Wiicn  a  single  fihrdbi 

U  rery  liighly  magni lied ^  it^  comjxrnent  row  of  oblong  >4nr<?ou» 

riaa^sito  pri^e.nt»  alteniiite  Jart  doubly -re  frottiiig^  and  iifjhf. 

«iiglj*rdniedag  quatiningular  portions,  in  the  latter  of  wlncb 

t  drficiitfe  csroes  line  is  ^oiuettmeH  j^een.  The  diurk  portioas  have 

be^  thuefibed  an  cry  stall  iue,  and  tis  being  ooni  posed  of  minuU: 

doubly- reiTactiag  parti c lea,  naraetl  dmlmciasis. 

If  J  di^  furmj*tion  of  muschs^  the  tilire*  are  collected  into 


F%.  m  (Tbe  Author.^  A  abort  pi«oB  of  k  compotind  muaculu'  rascicului, 
ihowlngt  on  its  cut  i^ml.  lU  i?oa)iHmetit  Uttlo  bundta*  or  uUliuati]  fj^adi- 
eulL    Slightly  magtiifled. 

ttiinnte  fasciculi  or  bundles,  t,  named  the  smallest  iii.^tculi, 

wkieb,  aga^iUr    are  gathered  inu"alleUy  into  larger  bimdlcR,  aud 

tliesie  int*j  alill  larger  one^,  aa  «hown  in  fig.  2*1.     Each  muicle 

if  inycsited  by  a  sheath  of  areolar  tissue,  oamed  the  peri- 

mfiium,  from  which  tine  partitiona  of  the  aame  tisrtue,  sup- 

|)orling  the  bloodvessels  atid  nerves,  pam  inwarda  between  the 

&asiculi  and  fibres.      Moat  of  the  muscles  are  fixed  to  the 

fcones,  either  directly  or  indirectly,  by  means  of  tendons ;   but, 

eiren  in  the  farmer  cJise,  tlie  itidividual  mtiRcular  filrrea  are  at- 

tehed  to  the  bone  iadirectly  through  the  Hbrous  tiss*ue  of  the 

ferio!*ieum.    Some  muscles,  however,  fire  fixed  to  soft  parts,  as 

to  the  tougiie,  lips  and  eyeballs;  either  directly,  tiiiin  tlm  two 

former  t^n^es;  or  indirectly,  by  tendoiw,  m  in  the  \mt^     In  all 

iastances,  however,  each  tibre,  as  it  ends,  breaks  up  and  merged 

£  2 


53 


ANATOMY. 


into  a  bundle  of  fibrous  connective  tissue,  either  as  shown  in 
fig.  25,  e,  or  by  first  coining  down  obliquely  on  a  tendon  as  in 
f.  Usually  the  individual  muscular  fibres  run  along  a  fas- 
ciculus without  branching ;  but  in  the  tongue,  lips,  and  face, 
they  subdivide  before  they  are  lost  in  the  submucous  or  sub- 
cutaneous tissue. 

In  the  heart,  the  muscular  fibres  are  striated ;  but  the  tubular 
sarcolemma  is  indistinct  or  absent.  Moreover,  the  fibres  them- 
selves subdivide  and  unite  again,  so  as  to  form  a  network ; 
the  bundles  of  fibres  also  frequently  interlace ;  and,  in  some 
animals  at  least,  fusiform  nucleated  fibre-cells  have  been  seen 
amongst  them.  The  heart  substance,  therefore,  shares  the 
characters  of  both  the  striped  and  unstriped  muscular  tissue. 
Moreover,  these  two  forms  of  muscular  tissue  have  another 
transitional  or  connecting  link  between  them  ;  for  sometimes 
the  unstriped  fibres  have  their  granules  or  sjircous  elements 
arranged  in  rows  as  disdiaclasts,  thus  imperfectly  but  decidedly 
approaching  the  character  of  the  striped  fibre. 

The  striped  or  ordinary  muscles  are  exceedingly  well  sup- 
plied with  blood,  —  their  minute  or  capillary  vessels  nmning 
between  the  individual  fibres,  and  fonning  elongated  meshes, 
as  shown  in  fig.  35,  a.  Lymphatic  vessels  are  absent,  or  very 
few*     The  nerve*  of  the  striated  muscles  are  likewise  very     ^ 
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Uie  ©dl  iimif.  Tlipy  are  found  in  the  grey  siibstaiiee  of  the 
ctrebrttm  iirid  cerehfUum,  as  t\  d^  *?■  in  the  sjjmal  cord^  b\  ia 
ibe  knots  or  gjmglia  i^f  the  sympathetic  ner%'e»  a ;  and  at  the 
lartaioal  ^xpandooA  of  the  neiTea  of  dghi  and  hearing ;  dso 


r  and  Hon  norm-.)  Colourod  csclU,eK>aUiiiltij9  ntvetd,  called 
tH!TT«!^«e]t«,  gMigHonif?  ceils,  or  gftngUonfc  eorpiiiiclcfl.  a,  cvUs  of  dEHplQ 
f'i-rRi  froni  m  ftrmpatlif-tir  antnirlion*  &.  bmiicliwl  fclg,  op  iiU'1kC«  celUi, 
■:>■  :  £1  ;  I  '  -h!  I  r  tUi  s|iina}  coptL  e,  brtiiir  hid  olh  of  larger 
sise  from  the  medulla  oblongata,  d,  simple  and  branched  cells  from  the 
superficial  part  or  convolutions  of  the  brain,  e,  a  large  cell  from  the 
grey  substanoe  of  the  eerobellum.    Magnified  about  100  diameters. 

on  the  nerve-terminations  in  glands  and  perhaps  elsewhere. 
They  vary  in  size  in  different  situations.  The  nerve-fibres 
usually  pass  amongst  them,  ^g,  29,  ^;  and,  whilst  some  of  the 
branched  offsets  of  the  cells  serve  undoubtedly  to  connect  dif- 
ferent cells  together,  others,  it  is  stated,  are  continuous  with 
the  tubes  of  the  white  or  tubular  nerve-fibres.  It  is  important 
to  note,  however,  that  this  latter  statement,  though  probably 
correct,  is  more  a  matter  of  inference  than  of  direct  obser- 
vation, in  so  far  at  least  as  concerns  the  brain  and  spinal  cord 
of  man  and  the  higher  animals.  In  the  ganglia,  however,  both 
in  man  and  animals,  this  connection  has  been  distinctly  seen. 
According  to  the  number  of  their  offsets  and  connections, 
nerve-cells  have  been  named  unipolar,  bipolar,  or  multipolar. 
Cells  apparently  destitute  of  them  are  described  as  apolar. 
The  existence  of  such  firee  cells  has  however  been  denied ; 
and  the  so-called  unipolar  cells  are  said  to  have  another  fila- 
ment passing  fix)m  them,  oilen  twisted  round  the  one  which 
is  more  evident  (Beale). 

The  grei/  or  gelatinous  Jibres  (Remak's  fibres)  are  very  simple 
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in  stnicture,  being  soft  granular  flattish  fibres,  having  no  dis- 
tinct tubular  and  medullary  investment,  and  containing  many 
dark  nuclei,  fig.  29,  d.  These  fibres  are  most  abundant  in 
the  symjmthetic  nen'c  and  its  branches,  but  a  few  extend  into 
tlic  spinal  and  cranial  nerves.  Some  of  tliese  are  regarded 
as  connective  tissue  fibres,  and  not  as  nerve-fibres  at  alL 

The  2vhite  or  tvhular  nerve-JibreSy  fig.  28,  ^,  are  microscopic 
tubuli,  which  when  fi-cshly  examined  in  a  perfect  state  appear 
to  be  homogeneous,  but  which,  even  on  cooling,  soon  acquire 


Fig.  28. 


Fig.  28.  a  (Tlio  Author),  portion  of  a  spinal  nerve  giving  off  two  oranchcs. 
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albuminoid.     This  central  band  is  very  important,  as  it  is 
Fometimes  the   only  part  of  a  nerve-fibre   left   within  the 
tubular  structureless  sheath,  constituting  thus  the  so-called 
pale  non-meduUated  nerve-fibre.     This  axis  is  also  the  part 
which  is  said  to  be  continued  into  the  delicate  offsets  of  the 
branched  nerve-cells,  those  processes  being  identical  in  struc- 
ture with  the  non-medullated  nerve-fibres.     As  the  medul- 
lary substance  in  the  tubular  fibres  forms  a  covering  around 
the  central  band,  it  is  spoken  of  as  the  medullary  sheath. 
These   medullated,  tubular  nerve-fibres   compose  the  white 
parts  of  the  brain  and  spinal  cord,  and  the  chief  substance  of 
the  various  nerves ;  but  they  also  pass  into  and  mix  with  the 
grey  substance  of  the  brain,  cord,  and  ganglia.     They  vary 
much  in  size  (see  fig.  28),  being  finest  of  all,  4,  in  the  super- 
ficial layers  of  the  brain,  fine  in  the  nerves  of  special  sense, 
and  in  the  ganglia,  larger  in  the  fore  part  of  the  spinal  cord, 
and  largest  in  Sie  motor  nerves. 

Fig.  29. 


^^     '<'\  ''"''*. 


'"^^k^W 


Fip.  29.  (a,  by  KoUiker;  c,  d,  Valentin.)  a,  oripin  of  a  spinal  ncnn  from  tho 
spinal  cord,  by  two  bundles  of  funiculi, or  two  roots,  which  join  Ut  form  the 
trunk  of  the  nerve.  On  one  of  the  roots,— the  posterior  one  in  the  body, 
—  w  a  small  knot  called  a  ganjclion  ;  tho  other,  or  anterior  root,  is  seen 
to  pass  over  the  ganglion  without  entering  it.  b,  section  plan  of  a 
ganirlion,  showing  the  fibres  of  the  posterior  root  passing  amongst  the 
ganglionic  corpuscles,  and  the  libn's  of  the  ant<jrior  root  passing  over 
them,  c,  four  separate  ganglionic  cells  from  a  spinal  ganglion,  of  dif- 
ferent shafies.  d,  minute  portion  of  a  ganglion,  showing  six  corpuscles, 
thrw  whit<j  tubular  nerve-libres,  and  a  number  of  the  grey  nerve-llbres 
(•r  connective  tissue-fibres  with  little  dark  nuclei,  a,  natural  size;  b, 
magnified  slightly;  c,  d,  about  1(H)  diametLTS. 

"Within  the  grey  substance  of  the  nervous  centres,  the  white 
nerve-fibrcs  eitlier  commence  from  the  processes  of  certain  of 
the  nerve-cells,  or  appear  as  loops  running  Ix'tween  those  cells. 
Even  in  the  latter  case  they  may  have  their  origin  in  cells  not 
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immediately  under  observation.  Indeed,  the  view  has  lately 
been  advanced,  that  all  nerve- fibres  originate  in  nerve-cells; 
and  it  has  iurtlier  been  argued  that,  most  probably,  each  cell  is 
the  centre  of  one  or  more  complete  circuits,  a  fibre  or  fibres 
])a8sing  from  and  returning  to  it  again.  (Beale.)  As  they  pass 
out  from  the  base  of  the  brain,  or  from  the  sides  of  the 
spinal  conl,  tlie  nerve-fibres  form  bundles  of  little  cords,  named 
funiculi,  fig.  29,  a,  which  are  soon  gathered  into  a  cluster 
or  neri'e-root.  In  the  spinal  nerves  there  arc  two  roots, — 
one  posterior,  the  fibres  of  which  go  through  a  knot  or  ganglion 
of  groy  substance,  rt,  ft,  and  one  anterior,  the  fibres  of  which 
go  jxist  the  ganglion ;  both  sets  join  beyond  the  ganglion  to 
fonn  a  single  nerve-trunk.  In  the  nerves,  and  their  branches, 
fig.  2S,  tf,  tlie  tender  funiculi  are  supported  in  bundles  by  the 
neurilemma,  a  soft  sheath,  having  partitions  in  it,  composed  of 
a  form  of  connective  tissue,  and  continuous  with  the  mem- 
])rancs  of  the  brain  or  spuial  cord.  The  bundles  and  even  the 
funiculi  often  si)lit  and  interlace,  to  form  nervous  plexuses,  but 
the  ultimate  nerve-fibres,  it  is  believed,  do  not  subdivide,  at 
Iciist  in  their  course,  and  remain  of  uniform  thickness. 

The  nerves  ai)pear  sometimes  to  end  in  loops,  sometimes 
in  meshes,  but  more  frequently  by  free  extremities  with  or 
without  previous  subdivision,  in  the  various  tissues  to  which 
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of  the  oervea*  All  agree  that  tlie  dark-bordered  or  medul- 
hklt*d  fibres  of  tiiy  motor  nerves  give  ofj'  very  fine  ntm* 
m^duilat^d  Jininelit'rt,  wliieli  eitlirr  tmi  in  fine  jxtints^  or  elfii.* 
foroi  &  delii-ate  network  ujictn  the  njUKoalar  lahren;  antl  tht^nt* 
filxres  are  marked  bv  nunierouH  att^ielied  nuclei  ;  aud  niotit 
dtie«  agree»  that  they  do  not  penetrate  wiiliiu  llje  Sinco- 
Otlier  appeamneeft  have  nim  been  deMcribed,  «ueli 

ierrmntif  timw-bmh^  or  bhmt  hmh-^iiln  endings  of  tlie  dark- 
Icffd  filires^and  nion.»  reeenlJy  llie  strHcalled  tenmmtt plattw 

thoBe  fibrc^s^  from  which  nctii-niedullalt'd  fibres  nrlHc*,    These 

inal  plates,  one  to  each  fibre,  JU'e  Kiid  ttibe  fbiujd  only  near 

i€t  middie^  not  afc  the  ends  of  a  niiisele ;  they  are  eompued  to 

rtain  parts  of  ihe  electric  organs  of  tisliesj  they  arc  dufjcribed 
BB  consist mg  of  areolar  tissue,  us  partially  embracing  a  fibre, 
amd  as  being  placed  at  die  point  whence  the  non-medidJated 
fibres  are  given  off  from  the  dai'k- bordered  ones.  Tht^  sat- 
9Dr^  nerve-fibres  of  mus^cles  end  al-*o  in  fwde  non-ineduIJated 
biiuicb«^;  btit  they  are  finer,  and  are  distributed  on  the  ^ttrfaees 
of  tlie  muncte,  or  of  its  prlaoipftl  bundJea.  In  the  piipillas  of 
the  tongue  nnd  *?kin  the  ^nsory  nerve-fibres  fwimetinieH  re^dly 
form  elongatt*d  Joopi^;  but  here,  as  in  other  situations?,  they 
may  losc^  their  niedullary  substance  and  double  *2ontonr,  and 
perhaps  even  tlieir  tubular  envelope,  so  as  to  be  reduced  to 
the  axis  or  central  band  only,  and  then  end  amidst  the  tissues 
to  which  they  are  distributed, — either  abruptly  by  swollen 
extremities,  or  after  previously  becoming  finer  and  finer,  or 
even  after  subdividing  into  fine  twigs.  The  reticular  mode 
of  termination  of  the  nerve-fibres  has  been  observed  in  the 
retina  of  the  eyeball,  and  in  the  submucous  tissue  of  the 
intestines.  Special  modes  of  termination  in  the  organs  of 
sense,  and,  in  certain  bodies,  the  tactile  and  Pacinian  cor- 
puscles, in  the  skin,  will  be  described  hereafter. 

The  bloodvessels,  —  The  three  kinds  of  bloodvessels,  ar- 
terieSy  veins^  and  capillaries^  differ  very  much  in  their  structure. 

The  arteries,  the  strong  yellowish  or  white  cylindrical  branch- 
ing tubes  which  proceed  from  the  heart  to  all  parts  of  the  body, 
have  thick  elastic  walls;  so  that  they  remain  open  when  they  are 
cut  across.  These  walls  consist  of  three  coats,  fig.  31,  a,  viz.  of 
an  external  coat,  composed  of  areolar  and  elastic  tissue ;  of  a 
middle  or  muscular  coat,  the  thickest,  composed  of  un  striped 
muscular  fibres  arranged  circularly  aroimd  the  vessel,  mixed 
with  a  very  few  elastic  fibres ;  and  of  a  thin  smooth  internal 
coat,  consisting  chiefiy  of  a  fenestrated    or   striated   elastic 


58 


ANATOMY. 


membrane,  fig.  19,  lined  by  the  vestiges  of  a  delicate  epithe- 
lium, lig.  4^,  c.  The  inner  coat  is  brittle,  and  the  middle 
one  tender ;  the  outer  one  is  very  tough ;  so  that  a  string 
tied  tightly  round  an  artery  cuts  through  the  middle  and 
inner  coats  but  not  the  outer.  The  smaller  arteries  have  re- 
latively more  muscular  tissue,  and  the  larger  ones  relatively 
more  elastic  tissue,  in  their  walls.  The  outer  and  perhaps  tlie 
middle  coats  of  the  arteries  arc  tliemselvesvascidar,  being  sup- 
plied with  nutrient  bloodvessels,  called  the  vasa  vasontm.  The 
arteries  are  supplied  with  nerves  derived  chiefly  from  the 
symjmthetic  system.  In  the  limbs,  all  but  die  very  finest 
arteries  have  a  loose  sheath  of  areolar  tissue,  in  which  they 
can  be  moved. 

The  veins,  which,  proceeding  from  all  parts  of  the  body,  end 
in  the  heart,  are  more  yielding  tubes  and  have  thinner  walls 


Fig.  31. 
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hrfiTt^  even  a  fmv  Btriiited  imiacukr  fitires  mny  be  found* 
Thi^  vi'ini  have  tlmr  vasj*  vssorum,  and  a  ft^w  nerves.  WHhiii 
many  i>f  the  veins«,  at  cerfiiin  mlen^iiLn,  timl  eImj  at  the  mouthjs  c*r 
their  branches,  %,  31  ^  are  *biuul  little  projecting  fblds  or  fiap&, 
csilled  rafrw,  i(>nned  liy  tlie  internal  cciat,  strciigthentHl  by  ft 
lew  fibrous  bauds.  Thes*?  are  either  Bingle,  double,  or  even 
three  in  number :  and  are  always*  scj  attached  ihjit  their  fret- 
e4jre  IB  towards  the  heart.  They  are  mosit  niiiuemus  in  the 
Teinf^  of  the  limbs,  espeeiaily  of  the  lower  limbs.  Valves  art* 
not  found  in  the  stualleit  veins*  nor  in  the  largeBt,  as  the  vena* 
ravs  ;  aor  are  they  found  in  the  puliuoiiary  veina  or  hepjittc 
reiij*j  wbieh  return  the  blood  from  ilie  luugg  and  livi^r. 
They  are  aho  abeeut  in  the  aunial,  spiuftl,  renad^  portal,  and 
ji  few  other  veiup. 

^L   Hie  ca/iil tariff  are  tlic  iutermediat©  veesela  which  couBect 

H  Fig.  32. 


Fig.  8S.  (Allen  Thomson.)  Outline  of  the  under  surface  of  a  firog's  hind 
foot,  to  show  the  general  branching  of  its  small  arteries  and  veins,  in 
the  web  between  the  toes. 

the  finest  arteries  with  the  finest  veins.  They  are  quite  peculiar 
in  structure.  The  arteries,  branching  out  as  they  run  from 
the  heart  into  every  vascular  tissue  of  the  body,  become  at 
last  very  small,  and  have  very  thin  coats.  Ultimately  they 
end  in  a  fine  network  of  vessels  called  the  capillaries  (capillun, 
a  hair),  fi-om  which  the  smallest  veins  commence.  These  small 
veins  at  first  have  very  thin  coats,  but,  continually  joining 
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together  to  forni  larger  and  larger  veins,  at  length  run  in  a  few 
main  triink8  to  roacrli  the  heart  again.  The  heart,  arteries, 
caj)illarie8,  and  veins  form  therefore  a  closed  system  of  chambers 
and  tubes,  in  which  the  blood  in  contained ;  and,  as  we  shall 
see  hereafter,  whilst  the  heart  and  all  the  bloodvessels  are 
concerned  in  conveying  the  blood  through  tlie  body,  it  is  the 
<lelicate  capillaries  only  which  permit  nutritive  material  to 
IKiss  fn)m  the  blood  through  their  coats  into  the  ti^nies. 

The  ramified  course  of  the  bloodvessels  generally  is  well 
seen  in  the  web  of  a  living  irog's  foot,  fig.  32  ;  the  capillary 
network  itself  in  the  same  part  becomes  visible  with  the  aid 
of  a  low  magnifying  power,  as  in  fig.  33  ;  and  imder  a  much 
higher  pow(;r,  fig.  34,  the  tubular  character  and  distinct  pa- 


Fig.  33. 


Fig.  34. 
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leii  mefthea,  an  in  mnscl^,  fig,  SB^ «,  in  tendons,  and  in 
nerves;  of  a  polyp>nal  nrtwork,  a&s  in  smooth  nmcouH  nifuj- 
bmni^  b ;  t^f  Itvng  loc^ps,  an  m  tlie  akin^  fig.  3fl,  I'f ;  or  of  close 
mi^H*^  ttii  in  the  «inalf  inti'^tine^  A  ;  or  of  Btill  ek^ser  ma^lit**,  jie 
rtn  thi*  d«et«nif  gland S|  %.  37,  Tlic^  fint*st  mei^ihes  of  eapil- 
IjirirA  art*  found  in  %h\.'  lungs.  The  capillary  ve?*iel5  vary  iti 
wsrr*    in  the  diiffi'cnt  va84^ujar  ti>^.=^ues :    they  are  very  3aj^€ 

poljgODAl  meshet.    Moderately  magnified. 

Fig.  36.  Fig.  37. 


%f:}^'-^ 


Fipu  86.  a  (Berrcs).  capillaries  of  the  papillae  of  the  skin  of  the  tip  of  the 
ftoger,  forming  single  loops,  b  (Berres),  capillaries  of  the  villi  or  little 
prqjeetions  of  the  mucous  membrane  of  the  small  intestine,  forming 
small  meshes.   Moderately  magnified. 

Pig-  87.  (Quekett.)  Capillaries  of  the  terminal  extremity  of  a  duct  of  the 
parotid  gland,  forming  very  close  meshes.    Moderately  magnified. 

in  bones,  and  smallest  in  the  lungs  and  in  the  brain.  The 
smallest  capillaries,  however,  admit  the  little  bodies  which 
are  found  in  the  blood,  called  the  red  blood-corpuscIcs. 
Tissues  which  are  destitute  of  capillary  vessels,  such  as  the 
cartilages  of  the  joints,  certain  transparent  parts  of  the  eyeball, 
including  the  clear  coat  or  cornea,  the  substance  of  the  teeth. 
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the  epithelial  tissues,  and  the  cuticle  or  outer  skin  and  its 
appendages,  the  nails  and  hairs,  are  called  non-vasailar. 

When  a  capillary  vessel  is  very  higlily  magnified,  as  in  fig. 
38,  its  walls  are  seen  to  be  exceedingly  thin  and  delicate,  and 
to  be  composed  of  homogeneous  membrane  in  which  many 
nuclei  are  set :  on  approaching  the  smallest  arteries  and  veins, 
the  capillaries  gradually  acquire  extra  coats  and  so  pass  into 
those  vesseb.  The  walls  of  all  these  small  vessels  are  of  course 
without  vasa  vasorum. 

The  blood. — The  blood,  the  fluid  contents  of  the  blood- 
vessels, is  of  a  bright  florid  colour  in  the  arteries,  and  of  a 
dark  purple  tint  in  the  veins.  It  is,  apparently,  a  red  homo- 
geneous solution,  but  it  really  consists  of  a  clear,  limpid, 
almost  colourless  liquid,  named  the  liquor  sanguim'Sj  the  liquor 
or  plasma  of  the  blood,  and  of  certain  floating  jmrticles  called 
blood-corpuscles.  These  latter  are  of  two  kinds,  the  red  or 
Fig.  38. 


Fig.  .18.  a  (Wasmer  and  Kdlliker),  three  red  blood-corpuscles  ftrom  the 
ftrog,  one  turned  on  its  edge :  they  show  the  pale  central  nucleus  and  the 
outer  coloured  part.  6,  two  red  blood-corpuscles  of  the  monk-fish,  one 
seen  edgeways,  c.  two  rod  blood-corpu8cle«  of  the  common  fowl,  d,  three 
minute  red  blood-corpuscles  of  the  ffuat.  e,  human  capillary  vessel 
fh)m  the  brain,  showing  it«  transparent  walls  and  the  nuclei  embedded  in 
them ;  and  also  seven  red  and  two  white  blood-corpuscles  within  the 
capillary  tul)e.  Magnified  W)  diameters,  all  on  the  siimo  scale,  to  show 
the  relative  sizes  of  the  difi'erent  blood-corpuscles. 

rolourcd  corpuscles,  and  the  white  corpuscles.  Blood  also  con- 
tains albuminous  gmnules  and  fat  pirticles,  besides  other 
occasional  microscopic  elements,  such  as  clustered  blood- 
corpuscles,  pigment  granules,  and  caudate  cells,  the  chief  ol 
which  will  be  described  hereafter  with  the  spleen. 


rai   BLOOD    COEPtTSCLESp  m 

r  tttf  vorpmeieSf  which  are  presoiit  in  enormous  ntimber^ 
[  on  which  the  eoloiir  of  tlie  blr>od  entireJy  dej^ends,  are 
[iiil«  circular  di^s,  fig.  38,  e^  depret^ed  n  little  on  each  side, 
6@eB  edgijway'i  they  appear  roiunkd  at  the  margins,  aiid  they 
sre  so  iioft  and  liexible  as  t^  bend  easily  around  auy  obsitaelt! 
(iee  %♦  38,  c).  They  are  sitigly  of  a  pale  ambt^r  rofour  ;  huU 
mht'ii  collected  in  numbers,  they  proiluce  a  reddisJi  hue.  [n 
iiloud,  drawn  fmm  the  vessels,  the  red  ct^rfoisclea  exhibit  a  en* 
no\m  tendency  to  run  tegether  info  little  rolls  like  cains:  they 
ire  h^ivier  thim  the  plaBUia  of  the  blmxl  Each  et»rpnsrle  is 
imimUj  rfgardiHi  as  a  dktiuet  vesicle,  or  ao-called  eUmttvUirj^ 
tdi%  ocmiiating  of  a  very  delicate  chistic  eTiveh(^K5  or  e«*ll^ 
wall^  and  a  contained  m^  coloured  aubatanee  i  tlie  eetilre  m 
dearer  and  paler,  and  looks  like  a  central  hcxly  or  »o*eaIlcii] 
mick^biit  in  thepertect  corpuscle  there  ia  no  distinct  nucleus, 

Cbf^W^  U^-^otpmdfH  ift  finitmiU. — In  thp  miimmiit:rous  i*iiiniui» 
|P«eimIl|',  tllQ  nfd  c^q>Qi9cles  ar^r  aLiiO  round,  dis<?-ltk€s,  non*Dudeiiti'd 
bdiliei.  In  the  cjua^l  trib**  thty  an^  t?lliptieul ;  \n  ths  dr*pr  tind  gont 
tiibM,  d^  tbeiy  ar^  circnkr  thoaglt  small ;  they  vary  In  eizf  b  differeitt 
mafnnialia  ■  aiui,  so  far  m  \»  kiiowu,  are  liir^^t  !»t  iu  tbn  *;  Irphant,  aijcj 
fmiiLlf^t  in  the  inusk  deiT.  Id  liinb,  r,  rtptiles,  anipliiM^v  \^r*vffs  ;iijd 
newts),  a,  and  most  fishes,  6,  the  blood  discs  are  oval,  and  present  a 
central  eleTation  on  each  surface.  They  are  larger  in  birds  than  in 
mammalia,  still  larger  in  fishes  generally,  and  of  yet  greater  size  in  the 
amphibia,  being  largest  of  all  in  the  proteus.  Their  dimensions  in  a 
few  animals  wiU  be  given  hereafter.  In  birds,  reptiles,  amphibia,  and 
fishes,  the  coloured  blood- corpuscles  are  what  are  termed  nucleated 
edl8j  possessing,  besides  an  external  envelope,  a  distinct  projecting 
eentral  body  or  nudeuSf  and  an  intermediate  coloured  substance.  In  the 
frog,  the  nucleus  occupies  often  one-third  of  the  length  of  the  corpuscle ; 
as  it  is  not  visible  when  the  corpuscles  are  still  in  the  living  vessels,  it 
has  been  supposed  by  some  to  be  the  result  of  a  subsequent  process  of 
aggregation  within  the  corpuscle. 

Many  microscopic  observers  doubt  or  deny  the  existence  ot 
a  cell-coat  or  envelope,  not  only  in  the  human  and  general 
mammalian  blood-corpuscle,  but  even  in  the  larger  corpuscles 
of  the  frog.  They  describe  these  bodies  as  little  soft,  elastic, 
homogeneous  masses,  having  the  outer  layer  a  little  more  con- 
densed than  the  interior,  excepting  the  so-called  nucleus  when 
it  is  present.  By  some,  the  non-nucleated  mammalian  red 
corpuscle  are  regarded  as  free  nuclei,  specially  modified 
(Gulliver,  W.  Jones) ;  but  it  is  said  that  they  even  possess  a 
double  cell- wall  (Roberts)  ;  so  that  they  might  be  regarded  as 
small  cells,  completely  filled  by  a  vesicular  nucleus. 

The  white  corpuscles  of  the  blood,  much  fewer  in  number 
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than  the  red,  the  proportions  between  them  averaging  from 
2  to  3  in  1  ()()(),  are  colourless,  transparent,  and  spherical  nude* 
ated  relhy  having  no  distinct  envelope,  but  a  finely  granulated 
surface,  granular  contents,  and,  a**  shown  by  tlie  action  of 
acetic  acid,  a  simple  or  compound  nucleus  in  their  interior, 
fig.  38,  a.  They  are  not  so  heavy  as  the  red  corpuscles,  and 
rdrjict  light  more  strongly.  They  do  not  run  together  into  rolls 
like  coins,  nor  do  they  change  their  form  by  bending  within 
the  vessels.  Lastly,  they  are  more  uniform  in  size  and  shape  in 
different  animals  than  the  red  corpuscles,  being  neai'ly  of  the 
same  size  and  character  throughout,  however  widely  the 
coloured  ones  differ  in  these  respects.  They  have  a  general 
resemblance  to  the  corpuscles  of  the  lymph,  to  be  immediately 
descril)ed ;  but  these  latter  are  said,  as  we  shall  see,  to  be 
nuclei  and  not  nucleated  cells.  After  a  meal,  true  lymph 
cells  also  may  be  sometimes  found  in  the  blood. 

White  corpuschK  in  annuals. — In  the  frf>g,  the  pn)]>ortion  of  the  white 
coq>u»('k*8  to  thi'  red  is  1  to  16  in  winter,  and  1  to  6  in  summer.  The 
siugulHr  little  fish  nuniwl  the  lancelet,  or  junphioxns,  is  the  only  one  of 
the  »o-(*nlleil  vertebrate  animnls  (of  which  it  is  the  wniplest  yet  dis- 
covered^  in  which  tlie  IjIckmI  has  no  rrd  corinisoles,  but  only  colourless 
ones.  Tlie  corpuseb'S  foun«l  in  the  blotnl  of  still  lower  nninials,  such  as 
euttle-fish.  insects,  crabs  and  oth(rrs,  ure  also  generally  free  from  colour, 
and  are  usually  discoid  in  shape. 
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^H  WTicii  hbod  IS  drawn  from  its  veBiselB^  it  eeN,  eoagulnte^^  or 
^^c^of^  ii«*TJ«irtttitig  into  a  reii  jr]Iy*Iike  mum,  whicli  ia  calJed  the 
citti,  mid  ji  tliin  fluid  wh'wh  OQze»  from  the  clot,  ntnn^d  the 
•iriitiit  of  tJit*  hiof/d.  In  the  act  of  ckitting  or  ctiagnktion»  tin* 
laquor  mmimlnh  tir  fluid  f wirt  lA'  iim  living  bk^od  is  said  to 
iCMnilt!  into  twn  p*irt!s  viz.  into  a  Kiuall  qnantity  f>f  a  solid 
iltjiilliuict*  tailed //jn«,  which  whdifivs  iuti>  nuDiite  *ibri^  and 
triflfidual  liquid  }miU  of  a  pie  Ydlowinli  h  nfj,  which  in  tianu'd 
llie  se^tim  of  thti  blood,  Wliilat  llms  Bt'fuamting  and  stjliditying, 
ll»e  fibrin  tnifiingks  in  it*^  meshea  the  red  and  white  coqiusclen 
of  %ht  blot>d,  und  so  fonnu  the  coagalum^  eras fnimfti turn,  or 
tiot,  fnmi  which  ihc  M^nim  runs  ont.  The  fil>rin  may  be  sepa- 
IKtelj  obtaisied  by  whipping  freshly  drawn  blood  tor  several 
laiatltcra  with  a  bnncb  of  8tick»,  to  which  it  then  adheres  in  a 
Mrfai^^  n^aM««.  The  rdative  constatution  of  fluid  nm\  clotted 
blood  ifiay  be  thnt*  expreseed:^ — 

^^                Ftuid  BkHMi.  Clotted  Blood 

^^^^_    Lii|iior  satigumK  StTtim Sen 


Corpuscles. 


StTtim 

Fibrin 
Corpuscles. 
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The  nature  and  cause  of  the  coagulation  of  the  blood  will 
be  considered  in  the  chapter  on  the  Circulation. 

The  absorbent  vessels,  or  lymphatics  and  lacteals. — These 
ressels  form  a  closed  set  6f  tubes  distributed  nearly  everywhere 
throughout  the  body,  and  ending  by  the  thoracic  duct,  and 
certain  smaller  trunks,  in  the  great  veins  at  the  root  of  the 
neck  (:&g.  100). 

The  finest  lymphatics  are  supposed  to  commence  on  the 
sor&ces  of  membranes,  by  a  close  network  of  delicate  vessels, 
which  are  much  larger  than  the  capillaries,  and  have  no  direct 
or  open  commimication  with  them.  Those  of  the  skin  are  re- 
presented, somewhat  magnified,  in  fig.  39.  The  mode  of  origin 
of  the  lymphatics  arising  in  the  interior  of  the  muscles  and  of 
the  organs  generally,  is  not  well  known.  In  the  tadpole's  tail 
they  have  been  seen  as  ramified  vessels,  shooting  out  many 
fine  pointed  processes.  In  the  kidney  of  the  mammalia,  it  is 
alleged  that  they  commence  in  the  lacunae  or  spaces  in  the 
areolar  connective  tissue.  The  lymphatic  vessels  which  course 
along  the  limbs  or  organs  of  the  body,  as  shown  in  fig.  100 
are  little  delicate,  transparent,  varicose  tubes,  which  escape  ob- 
servation unless  they  are  distended  with  lymph  or  chyle,  or 
are  in  some  way  artificially  injected.     Their  appearance  when 
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distended  is  represented  in  fig.  40,  a ;  and  when  opened,  as  at  ^, 
a  pair  of  valves  is  seen  opposite  each  constriction.  The  edgeft 
of  these  valves  are  usually  turned  obliquely  towards  the  ter- 
minations of  the  lymphatics  in  the  veins;  that  is,  in  the 
ordinary  direction  of  the  fluid  which  flows  along  the  absorb- 
ents ;  but  they  are  said  to  be  sometimes  disposed  transversely. 
The  walls  of  the  commencing  lymphatics  are  homogeneous ; 
but  the  large  vessels,  including  the  thoracic  duct,  have  coats 
similar  to  those  of  the  veins,  composed  of  areolar,  elastic,  and 
even  unstriped  muscular  tissue,  and  are  lined  by  a  fine  epi- 
thelium. 


Pig.  39.  (Breschet.)  Network  of  the 
superficial  lymphatics  of  the  skin, 
injected  with  mercury.  Moderately 
enlarged. 

Fig.  40.  (Mascagni),  o,  plan  of  a  lym- 
phatic gland«  3,  with  its  component 
cells  filled  with  mercury,  and  having 
three  sets  of  afferent  vessels,  1, 1, 1, 
leading  into  it,  and  one  set  of  efferent 
vessels,  2,  passing  out  trova.  it.  The  ar- 
rows indicate  the  course  of  the  lymph 
in  these  vessels.  The  varicose  or  jointed 
appearance  of  the  vessels  is  here 
shown,    b,  a  single  lymphatic  vessel 

somewhat  enlarged,  and  cut  through,  to  show  the  little  double  valves 
in  its  interior,  r.  lymph  corpuscles,  one  granular,  and  three  treated 
with  dilute  acetic  acid  showing  the  envelope  and  the  pale  nucleus ;  also 
some  finer  granules  and  oil  particles  Aree.    Magnified  400  diameters. 

'Ihe  lymphatic  or  ahsorhent  glandSy  or  lymphatic  ganglions^ 
are  the  firm,  oval  or  roundish  bodies  placed  at  certain  points 
in  the  course  of  thc^  lymphatics  and  lactcals  (see  fig.  100.) 
Hiey  are  composed,  as  shown  in  fig.  40,  a,  3,  of  a  number 
oi"  imperfect   cells   or  alveolar  spaces  filled   with    lymph    or 
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chyle^  iiilo  which  ctTtain  lyinplmtic  ve^seliij  cuHGd  affertnt 
rtsgeh^  cr,  I,  I,  taiter,  and  iTOin  which  other  lyuiphutlc^i  ealltfrl 
eferent  ve^ietw,  %  pass  out,  the  'V^lioltt  Iwfirig  h^'ltJ  t<"gethtT 
hy  ttilt*roiediale  urvular  liwsiue^and  encloied  in  a  proper  areolar 
©gal  or  biresiiiip^  uifiabimie,  which  ii*  perfijrated  by  the  larger 
hloodreiiiidi  aud  abM»rbifiit^,  Oti  h  S4^ct)4.»n,  a  lyiiijjhatic  glanr) 
it  wjeii  to  \m  inmJe  up,  tlret,  of  an  ouier  corlkai  )mrt,  ccmi posed 
of  roimded  or  polygt^nal  alveolar  ajmces  or  cellst  ^Tom  ^rd  lo  ^tli 
of  a  lini^  wid€,  and  crc*ase<i  by  numerous  trabecule,  of  fine  rett^ 
fffnn  or  r^ticulat  conjmctim  U\^s»f ;  and  secondly  of  a  mcduilartf 
part  within,  consisting  of  a  tiae  plexu»  of  lymphatic  vessel** 
Tiie  afferent  lymphatics  enter  the  conical  ^siibs^iance  at  eeveral 
IKidiitH,  and  pass  into  hs  alveokr  «]mcB«,  irom  which  otbcr 
ftii«r  lymphatics  proceed,  and  form  the  pkxus  in  the  nicduliary 
or  cejitraJ  part.  From  thit^  pkxus,  the  eOTerent  lyniphatn*?* 
arise^  and  emerge  from  the  gland  frequently  at  a  rtortof  JiBsur^, 
aometimes  nam  yd  the  hilus. 

The  Jl aid  found  in  the  lympliatic  vesiaelaia  clear  and  colour*- 
less,  but  accasionaUy  haaapale  yellow  hue  ;  it  is  called  Itfrnph*  \ 
1 1  eousiistrf  of  a  daiJ  fiart,  or  Hfptor  hpapha'^  which  cuulahi.H 
Auctei^  minute  f/ranut^s^  and,  but  seldom,  a  thw  w'/tf  fjMuhi'i, 
In  the  cells  or  alveolar  spaces  of  the  lymphatic  glands,  in  the 
meshes  between  the  trabecular,  and  in  the  efferent  lympliatic^t 
beyond  them,  the  lymph  also  contains  a  certain  number  of 
white,  roimdish,  granular  cells,  or  li/mph-corpuscles^  c,  having 
an  indistinct  or  doubtful  envelope,  and  a  pale  nucleus  within, 
which  is  rendered  more  visible  by  dilute  acetic  acid.  These 
corpuscles  resemble,  outwardly,  the  white  blood-corpuscles ; 
but  differ  from  them  in  being  only  large  nuclei,  and  not  nu- 
cleated cells.  Strong  acetic  acid  only  acts  slightly  upon  them, 
and  does  not  split  up  the  nucleus  into  separate  bodies,  as  is 
the  case  with  the  nucleus  of  the  white  blood- corpuscles.  They 
have  been  observed  to  put  out  little  buds,  and  so  to  become 
stellate,  whilst  they  may  yet  be  supposed  to  be  living. 

The  absorbents  of  the  small  intestines,  called,  from  their 
milky-looking  contents  during  digestion,  the  lactealsy  have  a 
similar  structiu*e  to  the  lymphatics  elsewhere.  They  com- 
mence, however,  in  a  peculiar  way,  as  will  be  mentioned  here- 
after in  the  section  on  Absorption.  The  milky-looking  fluid 
which  they  convey  during  digestion,  is  called  cht/le,  and  is 
characterised  by  containing  multitudes  of  fine  granules,  which 
are  minute  fatty  particles  enveloped  by  an  exceedingly  tliiii 
film  of  an  albuminoid  substance,  and  constitute  what  has  been 
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tenned  by  Gulliver,  the  ^^  molecular  basis  of  the  chyle,'* 
Besides  this,  the  chyle,  afler  it  has  passed  certain  lymphatic 
glands,  contains  other  granular  particles,  some  nuclei  and  also 
ji  tew  of  the  pale  lymph-corpuscles  just  described.  Drawn 
from  the  thoracic  duct,  or  from  the  absorbent  trunks  near  it,  the 
lymph,  or  mixed  lymj)h  and  chyle,  coagulates  like  the  blood, 
the  clot  of  the  former  being  transparent,  and  of  the  latter,  of  a 
milky  colour  and  very  soft  consistence.  Sometimes  the  lymph 
and  chyle  present  a  reddish  tinge,  owing  to  the  accidental  ad- 
mixture of  coloured  blood-corpuscles.  The  chyle,  however,  is 
Hupj)osed  sometimes  to  have  a  proper  red  colouring  substance 
formed  in  it :  both  fluids  may  become  red  on  exposure  to  air. 
The  secreting  membranes  and  glands. — The  secreting  mem- 
bmncs  of  the  body,  already  generally  described,  are  the  serous 
membranes,  the  st/nouial  membranes,  the  mucous  membranes,  and 
the  skin.  With  these  two  latter  membranes  are  associated  the 
glands.  Speaking  generally,  all  these  membranes  consist  of 
a  layer  of  condensed  areolar  and  elastic  tissue,  which  is  very 
tliin  in  the  serous  and  synovial  membranes,  thicker  in  the  mu- 
cous membranes,  and  thickest  of  all  in  the  skin.  On  itsimder 
or  attached  side  this  layer  contains  numerous  bloodvessels, 
lymphatics,  and  nerves,  all  of  which  proceed  to  or  from  the 
free  surface  of  the  membrane.  Near  this  there  is  found,  at 
least  in  most  situations,  a   thin  stratum  of  a  homogeneous 
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like  them  dost-d  saca;  but  tliyy  art^   thick t^r,  have  a  thickt*rj 
fpitheliimi,  yud  st^rt^tu  a  thicker  fluid»— the  int/tmrifi,     Thfiy 
are    soniefiuif.^  provided   with  jytnga^  ov  jircijeotinns^  calletl 
cmm*^u*ly  t^lomh  (gUmla  i>f  Havers),     Fig.  41,  ff,  Ij  3. 

The  wwcow.^  memhranes  do  not  rt»rin  closed  siic^,  but  open 
directly  or  indireclly  (vn  to  the  fiurikce  of  the  liody.  The  chii'f 
or  tno^t  extensive  iiiucotis  meiuhrane  in  the  liody  ift  nameil 
the  *"*  ^astrO'pitlmofian/  mucmts  membr/iue^^^  l>ecauH<i  it  fltriit** 
tlie  Tining  membrnne  of  tht;  digestive  orgruyR  mul  tht:  lung*. 
Aaoilier  mticous  membrane,  of  smaller  extent,  lines  the  urinary 
pAJcsttges  mid  tht*  cavities  connected  with  them.  The  forint-r 
tuembniiie  coninnmces  at  the  mouth,  extendi  into  the  aom* 
md  beiweeu  the  eyelids,  and  iiilo  eortain  de^p  parts  Q»f  tht' 
mr^  aiirl  then  piBses  downwards  through  the  air  tubes?  into 
the  luugBf  and  nlong  tlie  whole  length  of  the  aUfneiitary  cmmL 
It  iJi  ailfeti  extended  in  inodihed  forms  along  the  ducts  of  all 
tlie  gl&iiijM  which  njjfen  upon  it.  The  niucoiis  membranes 
OOttiiigl  of  &  fibro-  or  areolo-vascuLir  layer  named  tlie  eorimn^ 
genefaLllj  limited  at  its  surfat^e  by  a  very  tljin  tnanK-^jarent 
LtA^titf'Ht  nn^rn^nuip,  whifh  wiruu  \a  cijVims  J  Ly  n  hiy^T  uf 
epithelial  tissue.  They  are  always  of  a  deep  red  colour 
during  life,  owing  to  their  vascularity ;  but  being  thick  and 
somewhat  opaque,  as  compared  with  the  seix)us  or  synovial 
membranes,  they  often  have  a  pale  pinkish  brown  hue  after 
death.  Sometimes  a  mucous  membrane  is  thin  and  smooth, 
as  within  the  nose  and  air-passages,  or  it  may  be  thicker,  as 
inside  the  cheek  and  tliroat.  Sometimes  it  is  papillated, 
chat  is,  covered  with  eminences  caUed  papillas,  as  on  the 
tongue;  or  villous,  that  is,  provided  with  softer  projections 
called  villi,  as  in  the  small  intestine  ;  or  it  may  be  thrown  into 
ruffO!  or  ridges,  as  in  the  stomach,  or  developed  into  folds  or 
veUves,  as  in  the  small  intestine.  In  some  places  the  mucous 
membranes  are  recessed  into  little  tubes,  follicles  or  sacs, 
simple  or  branched,  fig.  41,  b,  c,  and  so  form  minute  glands ; 
or,  this  formation  of  branched  recesses  being  carried  to  an 
immense  extent,  larger  compound  glands  are  formed. 

The  mucous  membranes  secrete  a  sliglitly  viscid  moisture 
called  mucus ;  and  from  their  simple  or  complicated  glandular 
recesses  are  formed  all  the  varied  kinds  of  secretions,  such  as 
the  saliva,  bile,  gastric  juice,  tears,  &c.,  excepting  only  those 
which  come  from  glands  similarly  constructed,  but  existing  in 
connection  with  the  skin,  such  as  the  sweat  glands,  the  sebaceous 
glandsy  and  the  mammary  glands. 


7D  A5AT0MT. 

The  (lifTerent  methotls  and  degrees  in  which  the  snrfaces  of 
8<'cri'ting  membranea  generally,  are  multiplied  within  a  given 
space,  are  illustrated  in  the  plans  Hhown  in  fig.  41,  the  de- 
8crii>tion  of  which  sliould  now  be  referred  to. 


TOE  SECBETING    MEHBIUKI^   AND    CfLA>"DS. 

I  akiUi     The  compound  forma  of  ghnd^^  c,  are  represented 
tlie  kitlaeya,  G,  and  by  tlic  mucoua,  laehr)'raaJ,  salivary ,  autl 
ibt*r    gbttiik,    r,     A   good    exaniple   of   a    muilifoaiiar  sue 
nocum  in  the  fblHdes  froin  the  proventriculua^  or  Becretjiig 

Fig  42. 


Fif.  42.  a  (Bvenrd  H(nne),maltilocaUir  gastric  follicle  from  the  proven  tri- 
coluB  of  an  ostrich,  b  (after  Kdlliker),  section  through  the  substance  of 
the  kidneys,  showing  the  branching  tubuli,  with  their  free  or  looped  ex- 
tremities, and  the  little  rounded  vascular  bodies,  called  the  glomeruli. 
connected  with  the  tubulL  e  (Mailer),  minute  portion  of  the  parotid 
gland  injected  with  mercury,  to  show  its  terminal  ducts  and  vesicles. 
All  the  figures  are  slightly  magnified. 

part  of  the  stomach  of  the  ostrich,  fig.  42,  a ;  an  instance 
of  a  compound  or  branching  tubular  gland  is  seen  in  the 
human  kidney,  b ;  whilst  the  ultimate  lobules  of  a  salivary 
gland,  c,  with  their  terminal  ducts  and  vesicles,  form  a  good 
example  of  a  compound  racemose  vesicular  gland,  or  conglo- 
merate gland.  There  is  still  another  form  of  gland,  in  which 
the  ducts  begin  by  a  network,  as  occurs  in  the  liver  of  man 
and  the  higher  animals,  which  may  be  called  a  reticular  gland. 
The  glands  are  even  more  vascular  than  the  mucous  mem- 
branes, of  which  they  may  be  regarded  as  extensions.  It  is 
especially  to  be  noted  that,  in  no  case,  is  there  any  direct  or 
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open  communication  between  the  capillary  or  other  blood- 
vessels, and  the  tcnninal  ducts  or  vesicles  of  the  glands. 

The  epithelial  and  epidermic  tissues, — These  (so  named  from 
Greek  words  which  signify  that  they  cover  other  parts,  viz.  cri, 
epi,  upon,  ridri^ty  tithemi,  I  place,  and  2cp/ia,  the  skin)  are  the 
nofi'Vascular  covering  tissues  which  form  and,  as  it  were, 
finish  off  the  actual  surfaces  of  the  various  secreting  mem- 
branes and  the  skin.  They  all  consist  of  numerous  agglutinated 
microscopic  particles  which  are  named  nucleated  cells,  because 

Fig.  43. 


Fi^.  43.  (Henle  and  KdlUker.)  Various  forms  of  epithelium  cells,  mafpni- 
ficd  about  200  dianietcrs.  a,  polyhedral  squamous  epithelium  trom  the 
peritonipum.  6,  fusiform  squamous  epithelium  fh>m  the  interior  of 
the ! 
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marked  with  6ne  Irnen,  or  strmttd ;  and  ogtim  the  deeper 
c^Lb  ftT«  ooeasioQully  covered  witb  mimite  ridges  and  ^ur^^wl^ 
or  with  small  spines,  wo  its  to  be  finely  dentkuhtte  rtt  their 
bordcrm.  In  otber  »ttitirions»  a^  iJi  the  interior  of  tkc  vcitiA^  ^/, 
©r  »rt>iorii<ii^  r,  the  sepanite  celk  are  fumjbrm.  In  the  interior 
o<f  the  t»j^L«baJl  are  certain  hfxatjonat  ccHs,  c/,  wliieh  contain 
saucli  dark-tKiloiirinpf  matter^  and  are  ciiUtid  pujrntnt  cells.  The 
plffllt^ni  in  ihem  exirtts  in  the  furm  of  minute  coloured  granides, 
Sull  hirgurscaly  epithdiimi  celli*,  e^  exht  in  tho  inncoiLH  mem- 
bjUDt*  of  the  mouthy  thrtiat  and  giiUetj  where  they  lie  in  severaj 
kyem  or  are  gttatified.  This  ia  also  the  casie  on  the  inner 
surface  of  the  eyelids,  where  tlie  deeper  cell«,  m  shown  in  fig, 
44,  p*4,arc  round;  the  next  above  them  aru  oral  or  ec^m  pressed, 
*d;  the  next  yomewhat  flatrened,  2 ;  and  the  superficial  omm 
qtttl^  tbin  or  ^aly,  l.  In  the  epideiTnis*  cuticle,  or  outer  skirj, 
which  in  mi»ed  in  hli8terinj[r  any  part^  the  celk  also  exist  in 
many  layers;  they  are  ijiaite  flat,  fig.  4*3,  ff^  on  the  siiriace  only, 
where  they  have  a  peculiar,  dry,  liortiy  character.  Tiie  append- 
agieff  of  the  eutiele,  via;  the  naiJs  and  hair,  are  alsti  fornied 
of  mod  ified  epi  d  cnn  oi  d  eel  I « .  Th  ere  i  h  a  |  >een  1  m  r  k  i  n  d  1 1  f  e[  >!  i  h  e- 
Hum  called  spheroidal  or  glandular,  because  its  soft  cells,  oilen 
filled  with  granular  matter,  are  roundish,  and  are  found  in 
the  glands,  t.  e.  in  the  smallest  or  ultimate  ducts  of  glands 
(see  fig.  91) :  sometimes,  as  in  the  liver,  the  glandular  epi- 
thelium cells,  fig.  43,  /,  are  compressed  on  all  sides  or  poll/- 
hedral.  When  the  spheroidal  epithelium  joins  any  other 
variety,  whether  squamous  or  columnar,  the  cells  gradually 
change  their  shape  accordingly,  and  thus  is  formed  the  transi- 
tional epithelium.  Another  form  of  epithelium  is  called  ci/lin- 
drical  or  columnar,  fig.  44  a,  b,  fi'om  the  cylinder-  or  column - 
like  shape  and  perpendicular  arrangement  of  its  component 
cells.  This  kind  is  found  in  the  stomach  and  on  the  little  pro- 
jections, called  viUi,  in  the  small  intestine.  The  group,  a  1,  fig. 
44,  shows  a  single  row  of  columnar  cells  attached  at  one  end ;  2, 
six  cells  seen  at  their  free  ends ;  and  3,  a  single  cell  more 
highly  magnified  ;  the  outer  ends  of  these  are  said  sometimes 
to  be  finely  channelled  or  perforated.  In  certain  situations, 
as  in  the  air  passage  through  the  nose  and  throat,  and  in  the 
air-tubes  of  the  lungs,  this  columnar  epithelium  is  covered 
with  minute  soil  thread-like  appendages  named  cilia^  attached 
to  the  firee  ends  of  the  cells,  and  is  hence  called  ciliated 
columnar  epithelium,  b.  By  some  the  sofl  homogeneous  sub- 
stance composing  these  cilia  is  considered  to  be  sarcodous.    In 
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the  windpipe,  this  sort  of  epithelium  is  stratified  or  has  many 
layern  of  cells,  d,  the  superficial  ones  only  being  columnar  and 
provided  with  cilia.  In  certain  cavities  in  the  interior  of  the 
brain,  the  epithelium  is  said  by  the  best  authorities  (though  it 
is  doubted  by  some  observers)  to  be  ciliated,  but  the  cells  are 
flattened,  not  columnar.     In  some  animals,  too,  a  spheroidal 

Fig.  44. 


Fig.  44.  (Henle  and  K6lliker.)  Various  forms  of  epithelium  oclte,  mag- 
nified al>out  2(M)  diaiiiot(>r8,  excepting  a,  1.  which  is  less  magnifled. 
a.  columnar  epithelium  fh)m  the  surfkce  of  a  villus  of  the  small  intea- 
tine ;  1,  cells  attached  to  a  part  of  a  villus ;  2,  six  ocUs  seen  at  their  free 
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glaii<k  of  the  atomach  and  mtefttines,  and  by  the  so-callt*il 
Feyer'a  glanck  fbtmd  in  the  aiuall  mtestiiL^  only. 

General  View  of  the  Sb^ictiinti  ElemenL'^  of  the  Ttssves. 

If  tjtjw  wt?  gjmict*  getierally  at  the  imtntTow*  eleiiiciitary 
mcnyf^ctjina  faustitiients  of  the  tissues,  we  tinU  tlmt,  iKtwevtT 
varied  f  buy  may  bi%  fhey  are  all  refen'ible  to  nut?  cir  otlitT  of 
thi*  !ol  lo  w  i  n^  forum  i  itite  i*rii  edml  e  con  n  ect  tfiff  si»  1  ihUin  t! e,  naan  t-d 
y^^itfrnt  or  rmttnWi  an/sihtis^  prGt(*phtsm^  ^/y/n i/Zr^^  homogemons 
or  HmcUtrfiri*^  metnbrarte,  vmich^^  ntirtn\  Jititkfifedn'ihj  mmph 
fitrm^  mtcfettfed  fihrrs,  compoum!  /f^/rer,  and  ^wAe*^.  The  bias- . 
tmnA  or  niatri?c  may  be  trirlier  fluid,  iis  in  tht-  ciise  of  tlie  liqnor-" 
Ma^inin  of  till-  blcMijd,  or  H4>ftish»  as  in  tlie  moiit  ti^^iiea;  either 
sbond^ntf  u&  in  rho  soft  fojuis  of  connective  ti^Tie»  st^anty,  as  in 
wme  epithebsH  or  abacTji,  as  in  a  peculiar  reticubr  kind  of 
coofiective  tissue!  irjund  in  tlie  lymphatic  glands  and  eke- 
where  ;  or  the  matrix  may  be  dry  and  scanty,  aa  m  the  cuticle^ 
or  abundant  and  fibroua,  as  in  the  connective  tisaueH,  honio- 
getl^oui^  as  in  pure  c*firtilnge,or  fibroua  and  calcified,  aa  in  bone. 
Crystals  are  rare,  exce[>t  in  disease.  Protoplasm  ia  the  soft, 
minutely  granulai'  iub^tance,  smj  univer^l  iu  both  the  animal 
and  vegetable  kingdoms,  and  the  earliest  recognisable  form  of 
organic  matter.  Separate  elementary  granules  are  present  in 
the  chyle,  the  blood,  the  brain  substance,  the  pigment  tissue, 
and  ebiwhere.  Elementary  vesicles,  consisting  of  fatty  matter, 
exist  in  the  chyle,  the  blood,  and  the  milk.  Free  nuclei 
occur  in  the  cerebellum,  and  are  also  represented  in  the  lymph 
corpuscles.  Structureless  membrane  forms  the  basement 
membrane  of  the  mucous  tissues  and  glands ;  also  the  walls 
of  certain  nucleated  cells,  and  the  coats  of  the  finest  capil- 
laries. Nucleated-cell  tissues  are  represented  by  the  white 
and  early  stage  of  the  red  blood-corpuscles,  by  the  epithelial 
and  epidermic  cells,  the  pigment  cells,  the  cells  of  the  adipose 
tissue,  and  by  the  ganglionic  corpuscles  of  the  grey  nervous 
substance.  A  nucleated  cell  is  said  to  consist  of  an  outer  part 
or  periplast,  and  certain  contents,  named  the  endoplast,  lying 
in  which  is  a  nucleus,  and  within  that,  often,  a  nucleolus,  or 
nucleoli :  sometimes  the  periplast  or  envelope  is  indistinct 
or  absent ;  and  the  entire  cell  may  be  soft,  or  firm,  or  even  dry. 
Nucleated  cells  having  an  envelope,  such  as  the  epithelial 
cells  and  red  blood-cells,  might  be  conveniently  termed  ci/sto- 
plasts  ;  whilst  the  naked  cells,  without  envelopes,  such  as  the 
white  blood  corpuscles,  might  be  named  gymnoplasts.     The 
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nuclei  of  these  cells,  and  those  found  in  the  connective  and 
muscular  tissues,  are  regarded  as  nutritive  centres,  surrounded 
by  protoplasm  or  germinal  matter.  Nucleated  cells,  embedded 
in  solid  blastema,  occur  in  cartilage  and  in  bone.  Ramified 
or  branching  cells  with  nuclei,  form  the  so-called  connective 
tissue  coqmscles.  The  fibres  of  the  areolar,  fibrous,  and  elastic 
tissues,  are  usually  said  to  be  produced  by  the  fibrillation  of 
intercellular  substance.  Mixtures  of  such  fibres  with  cartilage 
cells,  form  the  white  and  yellow  fibro-cartilages.  Nucleated 
cells,  elongated,  perhaps  joined,  and  composed  of  a  peculiar 
substance,  form  the  unstriped  muscular  fibres,  and  the  grey  or 
gelatinous  nerve-fibres  of  the  sympathetic  system.  Compound 
fibres,  themselves  derived  from  the  union  and  modification  of 
several  nucleated  cells,  occiu*  in  the  highly  organised  striped 
muscular  fibres,  and  in  the  white  or  tubular  nerve-fibres. 
Lastly,  the  commencing  lymphatic  vessels,  and  the  capillaries, 
are  examples  of  tubular  tissues  derived  irom  the  junction  of 
ramified  nucleated  cells.  The  larger  bloodvessels  and  lymph- 
atics, and  the  ducts  of  glands,  are  really  compound  struc- 
tures, or  organs,  built  up  of  several  tissues :  so  too,  of  course, 
are  the  various  membranes,  the  glands  and  the  organs  of  the 
senses,  and  such  large  organs  as  the  brain,  heart,  and  lungs. 


iS/r*'  of  the  Sb*ucfural  Ehmenf»  of  the  Ttssnies, 
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IBB  POTSIGAIt  PBOPSBTUS  Of  THB  TI801IXS* 

ft  k  waaedj  neoeMoy  to  state  liere,  Ibat  the  materiAls  of 
dbe  hoiy  hsfe  all  the  yhjskal  j»o|>e9rtii»  of  matter  g^erallj, 
flodi  as  irei§^t,  cobedon,  extennbilily,  inertiai  ^impenetra- 
IS&Sff  and  so  £»th.  Spedalhr,  howerer,  we  have  to  notice 
ttaty  ydih  tihe  exception  of  tne  esctreme  outer  kjer  of  the 
entidey  and  the  hairs  and  nailsi  every  part  and  ti»ae  of  th^ 
|x>df  la  ntoiiL  'Rven  those  parte  contain  a  small  quanti^  <xf 
water,  ^ffiih  it»  aboTe*mentioned  partial  ezcepdons,  all  the 
lisBoes  are  ezoeedingfy  permeahU  to  that  element  or  to  so^ 
liiteia  of  widxii  water  is  tlie  main  oonstitaent ;  and  when 
dried,  aa  maj  be  exemplified  in  tlie  caiie  of  a  piece  of 
-diied  lledi,  tendon,  or  bladder,  th^  rery^  greedily  reabscnrb 
llieir  lost  qfnantity  of  fluid,  when  plaoed  in  circumstances  an 
wbldi  Afij  can  do  so. 

Hie  physical  duuracters  of  all  ^e  animal  tissues,  indeed,  are 
largely,  nay  essentially,  dependent  on  the  presence  of  the 
water  contained,  not  only  in  the  fluids  or  intermediate  moist 
blastema,  but  also  in  the  very  substance  of  the  more  consistent 
tissues.  Thus,  it  is  their  contained  or  essential  water  which 
endows  all  the  soft  textures,  membranes,  and  organs  with  the 
requisite  suppleness,  flexibility,  and  general  elasticity  or  re- 
silieiicy ;  whilst  their  relative  mobility  amongst  or  over  each 
other,  is  secured  by  their  different  degrees  of  softness,  and  by 
the  presence  of  the  intermediate  moisture.  The  toughness  or 
cohesiveness  of  all  the  consistent  tissues,  even  of  bone  itself, 
also  demands  a  certain  proportion  of  combined  or  constituent 
water.  Finally,  the  special  or  peculiar  india-rubber-like 
elasticity  possessed,  and  exhibited,  even  after  death,  by  the 
hence  so-called  yellow  elastic  tissue,  is  a  purely  physical  pro- 
perty, which  is  manifested  only  so  long  as  the  tissue  itself 
retains  a  sufficiency  of  its  combined  water. 

The  remarkable  permeability  of  the  animal  tissues,  and,  we 
may  add,  of  vegetable  tissues  also,  to  water  and  watery  solu- 
tions, is  a  character  which,  physically  considered,  is,  to  a  certain 
extent,  dependent  on  the  previous  natural  existence  of  water 
in  them  ;  for  had  they  been  saturated  with  some  other  fluid, 
as  oil  for  example,  they  would  have  resisted  the  percolation 
of  water  and  watery  solutions.  The  phenomena  attending 
the  pa8.sage,  in  opposite  directions,  of  water,  and  of  various 
substances   dissolved   in   that    fluid,    through   dead    organic 
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membranes,  described  by  Dutrochet  under  the  designations  of 
Kndosinosis  and  Erosniosis^  and  more  recently  by  Graham, 
\mder  the  terms  Osmosis  and  Dialysis^  will  be  considered  in 
the  chapter  on  Absorption. 


THE   CHEMICAL   COMrOSITION   OF   THE    BODY.- 

If  the  tissues  and  organs  of  tlie  body  are  subjected  to  various 
processes  of  chemical  analysis, — either  by  being  allowed  to 
coagulate,  or  by  being  coagulated  by  means  of  heat ;  by  being 
washed  or  boiled  in  water  for  a  long  time,  or  by  being  dried 
and  treated  with  alcohol  and  ether,  certain  products  being 
then  obtained  by  filtratif)n  and  eva])oration ;  or  lastly,  by  being 
burnt  to  ashes, — it  is  found  that  they  yield  a  number  of 
substances  which  are  called  the  proximate  constituettis  of  the 
lx>dy,  because  they  are  the  first  chemical  compounds  into 
which  the  several  tissues  may  he  made  to  resolve  themselves. 
Some  of  these  being  peculiar  to  organised  bodies  are  named 
accordingly,  the  organic  proximate  constituents ;  whilst  others, 
found  in  the  mineral  kingdom  also,  arc  called  the  inorganic 
proximate  constituents.  The  former,  however,  are  by  putre- 
faction or  destructive  heat,  still  further  decomposed  into 
ultimate  chemiciil  elements,  which  themselves  belong  to  the 
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matter,^ — ^e^ctiBclive  matters,  crystal  I  liable  and  non  -  crystal- 
Bioible,  —  ctjlouriDg  maiter^,  red  and  black^^a  peculiar  add 
fomid  in  the  bniia,  —  the  products  of  cerrain  glands,  audi 
■II  caiNHji^  p*?p3iii,  fialivin,  and  pancrcadn  (all  of  which  art* 
11101%  or  liisa  allied  to  albmiienjj^ — and,  lastly,  the  biliaiy 
uai^er&f  a^d  tirea  and  uric  acid.  Another  kind,  not  coij- 
taintag  nitrogen,  and  hence  called  noti-fjiotised  substance^ 
llielttdes  iiitty  matteiT^  of  various  kinds,  bkx(d-  or  liver-angar, 
imj^mr  of  milk,  migar  of  muscle,  lactic  acid,  and  certain 
in|fr*.HiieTits  cvf  the  bile. 

The  axotit^Rd  substances,  generally,  may  be  clashed  into  the 
othummottii  and  geiatinom  matters,  cnhnring  and  extractive 
aistE«r%  and  ^tci^ifont  or  fxcrtiorif  subBtancea,  The  noii- 
isntjiied^  taken  generally,  are  tiither  okatjinoMS,  sarchanm^  or 
at^d  flubBiancea.  The  general  character*  of  the  chief  of  thefe 
anbsUmccif  will  be  first  pointed  out,  and  the  constitution  of  the 
priiict].ial  tiiisites  will  then  be  de&cribed* 

Aliiiimd  Subgiajit-es. — Albumen  is  the  well  known  substance 
Ihrliich  fcrrais  the  vhil*^  of  egg>^,  whence  its  name,  from  nlbvs^^ 
white.  Natural  albumen  is  soluble  in  water,  and  indeed  ex- 
ists largely  in  a  state  of  solution  in  the  blood  of  animals  and 
man.  It  is  then  transparent,  and  may  be  dried  at  low  tem- 
peratores  into  an  equally  transparent  brittle  mass.  Its  solu- 
bility appears  to  be  somewhat  increased  by  the  presence  of 
chloride  of  sodiiun  (common  salt),  and  perhaps  of  the  alkaline 
phosphates  and  carbonates,  in  the  blood.  When,  however,  it  is 
subjected  to  a  heat  of  142®,  or,  if  in  solution,  to  a  heat  of  158°, 
it  coagulates  or  sets  into  an  opaque  white  substance,  which  is 
henceforth  insoluble  in  water.  In  solution,  albumen  is  preci- 
pitated by  alcohol,  strong  acids,  and  most  metallic  salts.  When 
coagulated,  it  is  dissolved  by  weak  acids  in  excess,  and  by 
strong  alkalis,  and  it  is  hardened  by  alcohol.  Albumen  is 
ibund  chiefly  in  the  fluid  part  of  the  blood,  in  the  substance 
of  the  brain  and  nerves,  and  in  the  moisture  which  pervades 
the  muscular  and  other  tissues  of  the  body :  it  exists  also  in 
the  secretions  of  serous  and  synovial  membranes,  and  in  the 
lymph  and  chyle.  A  peculiar  form  of  albmnen,  called  globulin, 
is  the  chief  constituent  of  the  red  corpuscles  of  the  blood. 
Albumen  is  probably  the  root  or  source  of  all  the  other  azotised 
ingredients  of  the  body,  and,  together  with  fat,  is  the  great  nu- 
tritive substance  of  the  animal  economy.  Vitellin  is  a  modi- 
fication of  albumen,  which  is  found  in  the  yolk  of  the  egg.  It 
is  thrown  down  by  even  weak  acids. 
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Fibrin  is  the  soft,  whitish  stringy  substance  which  is  obtained 
from  freshly  drawn  blood,  by  beating  or  whipping  it  with  a 
bundle  of  fine  sticks  or  wires.  It  is  closely  allied  to  albumen, 
but  differs  from  it  in  the  very  remarkable  and  singular  pro- 
perty of  self' coagulation^  or  spontaneous  coagulation.  In  the 
act  of  coagulation,  it  concretes  into  minute  tibreads  or  fibrils ; 
whence  its  name.  The  nature  of  this  process  is  not  yet 
understood ;  it  will  have  to  be  discussed  hereafter.  Fibrin 
is  present  in  a  state  of  solution,  though,  as  compared  with 
albumen,  in  very  small  proportion,  in  the  fluid  part  of  the 
blood ;  but  it  speedily  coagulates  when  the  blood  is  drawn 
fi'om  its  vessels,  and  indeed  is  the  material  part  concerned  in 
the  coagulation  or  clotting  of  the  blood.  Traces  of  dissolved 
fibrin  also  exist  in  the  fluid  of  the  chyle  and  lymph,  and  in 
the  serous  fluids.  But  it  is  in  the  muscular  tissue  that  so 
enormous  a  quantity  of  a  peculiar  kind  of  fibrin  is  found,  which 
is  named  ^'ftrm  of  muscle^  or  syntonin^  from  trvvrtiv^j  sunteino, 
I  contract.  Like  albumen,  fibrin  is  precipitated,  and  then  hard- 
ened, by  alcohol :  it  is  precipitated  by  mineral  acids  and  most 
metallic  salts ;  but  is  re-dissolved  by  dilute  acids  in  bxcess. 
Blood-fibrin  is  soluble  in  a  solution  of  nitre,  but  syntonin,  or 
muscle-fibrin,  is  not.  In  the  living  body,  as  we  shall  here- 
after find,  both  albumen  and  fibrin  exist,  sometimes  in  the 
solid  and  sometimes  in  the  liquid  state. 


noxncAn  cosgrmnam  of  fsi  boot.         m 

are,  howerer,  preeipitBted  hf  alcohol,  ctber,  ecktoAr^  gab>» 
ii0iftte,  &nd  bj  tannic  aeid  or  tMUim,  wbick  ifl  the  actiT«  sub- 
Kazioe  in  conTertbg  any  gdatiii-jieldfaig  tknie,  sach,  eepe^ 
cially,  m  the  ekin,  into  tiie  ftnm  mac^l^  fldbfltaace  whidi  we 
fikU  itather,  Chondiin  is  diadngiintiied  ihnn  gelala^  bf  bemg 
precij^tated  by  ftcetdle  of  lead,  ahmiy  aeid%  and  a  km  aitey 
which  do  not  throw  down  gelatiii. 

Kenitiri^  or  homy  matter,  exists  ia  lihe  hair,  nailBi  and  epl» 
denoiii  or  coiticle,  and  also  in  llie  denser  epithelia.     Mucin 
exists  in  mucus,  whl<}h  is  almost  always  add. 
HrnimtifK  ^oni   alfio,  Aowio,  bloody  is  m  red  ooloiirinff 
after,  which  39  extracted  from  the  red  blood-coipmsdesy  wm 
e  globulin  of  which  it  is  most  ia;timatetf  nnited.    Tbe  eon^ 
ound  fermed  by  these  two  substances,  named  tomolo-^ioMiMiy 
is  a  great  tendency  to  cxTstallne,  e^en  in  blood  simidy  set 
aide,  but  stiJ]  more  so  in  blood  subjeeted  to  tibe  snooesam 
action  of  o^  gen  and  carbonic aokL    The  etystak  ftom  buman 
blr^id  are  either  prismatic  or  rhombic ;  from  anffmaisi  tdcaheH 
)fk:n\,  rlionibciherlml.  aud  hexagonal  or^nitab  haye  been  obtained. 
They  are  doubly  refractive,  soluble  m  acetic  acid,  ammonia, 
and  water,  and  even  deliquescent ;  but  they  are  insoluble  in 
alcohol.     In  blood  extravaaated  within  the  body,  there  are 
frequently  found  flat,  rhombic  crystals,  insoluble  in  water, 
acetic  acid,  alcohol,  or  ether,  but  soluble  in  chloroform.  These 
are  named  hcematoidin,  the  reactions  of  which  with  sulphuric 
add   resemble  those  of  the  bile  pigments  with  nitric  acid. 
Other  crystals,  named  hsematin  and  hsemin,  have  also  been 
artificially  obtained  from  blood.     The  so-called  hcematin  is  a 
deep  red,  almost  black,  substance,  insoluble  in  water,  alcohol, 
and  ether,  imless  these  be  acidulated ;  it  is  readily  soluble  in 
alkalis.    It  contains  a  very  large  quantity  of  iron,  nearly  7  per 
cent.,  but  its  colour  does  not  depend  on  the   presence   of 
this  mineral.     Hsematin  is  now  supposed  to  be  a  product  of 
decomposition  of  the  true  colouring  substance  of  the  blood, 
which  is  named  cruorin,  and  has  a  peculiar  action   on  the 
solar  spectrum.     The  green  and  yellow  colouring  matters  of 
the  bile,  hiliverdin  and  biltfulvin,  seem  to  be  somewhat  allied 
to  hsematin. 

Black  or  brown  pigment,  as  found  in  the  eye  and  in  the 
n^^o's  skin,  is  also  peculiar  in  its  composition.  Both  it  and 
the  hsematin  of  the  blood,  have  their  colour  discharged  or 
bleached  by  chlorine. 

Ccwein  exists  in  solution  in  fresh  milk,  and  forms  the  substance 
02 
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of  the  curd  of  milk,  and  therefore  of  cheese  (caaeum),  in 
■which,  however,  it  ia  mixed  with  more  or  less  fatty  matter  or 
butter.  Casein  is  very  like  albumen  in  its  general  properties?, 
but,  when  pure  and  by  itself,  it  will  not  coagulate  by  boiling. 
Its  solubility  appears  to  depend  greatly  on  the  presence  of 
some  alkaline  or  eartliy  salt  having  an  excess  of  base.  The 
pellicle  which  forms  on  the  top  of  boiling  milk  is,  in  some 
way,  owing  to  the  action  of  the  atmospheric  oxygen.  Acids, 
even  when  much  diluted,  readily  coagulate  it,  hence  the  curd- 
ling of  sour  milk,  in  which  lactic  acid  is  developed ;  but  it« 
characteristic  reaction  is  rapidly  to  coagulate  by  the  addition 
of  rennety  or  the  prepared  mucous  membrane  of  the  fourth 
stomach  of  the  calf:  this  is  what  takes  place  in  the  manufac- 
ture  of  cheese. 

Pepsin  is  a  very  remarkable  and  potent  albuminous  sub- 
stance, which  exists  in  the  gastric  juice  or  secretion  from  the 
mucous  membrane  of  the  stomach  of  man  and  animals,  and  also 
in  that  membrane  itself  From  this  it  may  be  extracted  by 
cold  water,  in  which  it  is  sparingly  soluble.  When  slightly 
acidulated,  especially  by  dilute  hydrochloric  acid,  a  solution 
of  pepsin  in  water,  at  a  low  heat,  rapidly  brings  about  the  so- 
lution of  coagulated  albumen,  blood,  and  muscle-fibrin,  meat, 
tiaht  cheese,  and  many  other  aliments.    It  does  not  disaolve  tlie 
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'  that  title,  mnj  now  be  reckoned  crmtin  and  ci^atinin^ 

both  of  wliicli  exist  in  the  juice  of  muscle  and  in  tLe  blood* 

Hie  ]af  ttr  is  also  fonnd  in  tlje  renal  excretion  or  iirinej  whiJsjt 

Ae  Jbtxner  oecozs  in  the  brain.    Anollier  sabstance,  named 

ioreMy  mutoth^  or  hypo-xanJtkin^  k  also  fennd  in  the  fledi 

aaithfli  blood.  Xoiitibii  oocura  probaUNr  in  aU  the  soft  tum^ 

%nd  iti  the  urine  i  it  is  allied  to  fiuanm*     Lmem  is  another 

ef  theee  compounds,  supposed  to  be  tiie  prodncta  of  meta* 

morphoeee  of  albtimcQ,  and  present  in  minute  qnanti^  in  the 

bodj  genemU  J*     Ttfromi  occurs  only  in  disease. 

-  AmoDgst  the  azoiii^ed  substances  occnning  in  parts  of  the 

hodj  only,  nmM  be  mentioned  one,  named  ceribric  add,  whioh 

ejd&u  In  the  grey  i^ub^tance  of  the  brain;  and  also  the  choHe 

or  tjl^<:ocholic,  and  the  taiwrockolie  add*,  which  are  ingredients 

t<f  the  bile.   These  acidsi^  break  np rMpectivelj, into  eMaUe  udd 

and  ffit/et^oll  or  glTfeodrtf  and  ihe  same  add  and  fmirm.  Lastfyi 

m  the  renal  excretioti^  there  are  fimnd  laage  quantities  of  mb 

sahstances  caUed  vrm  BXid  uric  add,  minute  traces  of  which 

i^vuT  in  the  blood  and  soft  tissues  generally.     ZZrea  is  a  white 

oystallised  substance,  exceedingly  soluble  in  water,  to  which 

it  imparts  a  saline   taste.     It  is  remarkable  that,  though  a 

product  of  living  animals,  it  can  be  made  artificially  fix)m 

organic  matter,  and  is  then  known  as  a  cyanate  of  ammonia^ 

that  is,  a   salt  consisting  of  cyanic  acid   and   ammonia.     It 

acts  as  a  base  itself,  however,  and  is  capable  of  uniting  with 

acids  to  form  highly  compoimd  salts.     Uric  add,  normaUy 

existing  in  a  state  of  solution  in  combination  with  anunonia 

or  other  bases,  is  easily  precipitated  in  the  form  of  minute 

crystals,  and  then  is  very  insoluble.     It  constitutes  the  most 

common  form  of  gravel  and  stone  (hence  its  other  name  lithic 

add  J  from  \idoc,  lithos,  a  stone),  and  is  even  excreted  in  a 

semi-solid  form  in  birds,  and  in  a  solid  form  in  serpents.   Hip^ 

puric  acid  is  said  also  to  occur  in  human  blood  and  urine ;  it 

exists  largely  in  the  urine  of  herbivorous  quadrupeds. 

Non-azotised  Substmices. — Of  these,  by  far  the  most  abim- 
dant  are  the  various /a«y  matters,  which  are  all  distinguished 
by  being  insoluble  in  water,  but  soluble  in  pure  hot  alcohol  and 
in  ether.  The  principal  seat  of  these  fets  is,  of  course,  the  adi- 
pose tissue ;  but  fatty  matters  are  found  also  in  the  brain  and 
in  muscle,  in  the  blood,  and  especially  in  the  chyle.  The  fiit 
of  the  human  body  consists  chiefly  of  olein,  with  a  little  so-called 
margarin  dissolved  in  it.  Olein  is  a  fluid  fat  or  oil,  similar  to 
that  which  constitutes  the  basis  of  olive,  and  some  other  oils. 
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By  being  boiled  with  an  alkali,  as  in  the  manufacture  of  soap, 
olein  is  separated  into  a  ^tty  acid,  called  oleic  acid,  and  a  sweet 
viscid  substance  called  glycerin,  which  of  late  years  has  be- 
come so  familiar  to  all.  Palmiiin  is  a  solid  crystallisable  &t, 
which  is  decomposable  into  palmitic  acid  and  glycerin.  In 
the  fat  of  the  sheep  and  ox,  there  is  a  third  still  more  solid 
fat,  stearin,  which  may  be  separated  into  glycerin  and  stearic 
acid,  Margarin,  another  solid  fat,  is  now  supposed  to  be  a 
mixtiu-e  of  stearin  and  palmitin.  A  fourth  &tty  substance, 
found  in  the  brain,  is  named  lecithin,  Margarin  melts  at  114°, 
and  stearin  at  118° ;  whilst  olein  is  fluid  at  ordinary  tempe- 
ratures, but  solidifies  at  50°. 

Oleic,  butyric,  and  probably  some  other  volatile  &tty  acids, 
propionic  and  caproic,  exist  in  the  milk. 

The  so-called  glycero-phosphoric  acid  is  found  in  the  brain : 
it  is  formed  of  phosphoric  acid  and  glycerin.  The  phos- 
phorus of  the  brain  has  also  been  regarded  as  occurring  in 
combination  with  oleic  acid,  as  an  oleophospkoric  acid;  but 
this  is  doubtful. 

Cholesterin  is  a  sort  of  animal  resin,  which  crystallises  in 
^beautiful  microscopic  white  scales.  It  occurs  chiefly  in  the 
brain  and  in  the  bile,  and  forms  the  substance  of  most  gall- 
stones. It  also  accumulates  in  certain  nwrhid  fluids  and  dis- 
eased tissues. 


The  Ckmkal  Can^MmUan  of  the  seeerai  Tieeuee. 

Baek  biii^  the  eharaeleiB  of  the  pnndpd  pi^^ 
•nd  inoffgttdc  oonstitacsite  ci  the  animal  body  and  ite  varioiis 
Andhy'il  nmil  be  nndentood  that  these  yarioua  subatances 
mmf  be  eoitncted  ftcm,  or  ahown.  to  eadat  in,  the  different  ti^- 
wam,  bk  osrtain  definite  qnantitieB ;  in  oliher  woorda,  tibat  tb«jr 
Mf  be  criblained  eeparatefy  ftom  each  other,  by  taking  adTan-> 

^lef  diflirdiBferentbehaTioiirwhenaetedonby  water,  aloOf* 
or  ether,  by  evaporatmg  their  respectiye  solutiona  in  thoae 
iiiidBi  and  by  drying  or  burning  the  taasoea  themaelyeB.  For 
etaaapiei  die  eompoaition  of  the  white  oobatance  of  the  brain 
ii  aaottlaanabk  by  some  saoh  prooeaa  as  tfae£>llowing^— 

A  given  weigbt,  anffidently  laige  to  ooirer  small  er»»*%  ipi 
in*  med,  at  a  tanperatore  of  212^,  in  a  water  bath,  so  aa  to 
limr,  by  dielossthrongh  evi^oratimi,  the  qnantUy  df/mter  |t 
eontalBed.  The  dried  mass,  cot  or  brdcenun^  and  dien  toted 
on  by  saecessiire  portions  of  ether,  will  yiela  to  that  fluid  its 
fatty  matierSy  which  may  be  obtained  separately,  so  as  to  be 
weighed,  by  allowing  the  ethereal  solutions  drawn  off  from  the 
undissolved  residue  to  evaporate  spontaneously.  Those  re- 
sidaal  undissolved  matters  acted  on  successively  by  hot  alcohol, 
will  yield  to  that  menstruum,  besides  further  traces  of  fat, 
certain  extractive  matters  and  salts  (chlorides  of  sodium  and 
potassium),  which  may  be  obtained  by  evaporating  the  alco- 
holic solutions,  and  would  then  have  to  be  separated  by  special 
processes,  and  be  weighed.  The  undissolved  residumn,  now 
acted  on  by  boiling  water,  will  yield  to  that  fluid  more  extractive 
matters^  and  more  salts  (chiefly  phosphates  of  soda  and  potash), 
which  would  have  to  be  separated  and  weighed.  The  residue 
this  time  (insoluble  in  either  ether,  alcohol  or  water),  would 
consist  chiefly  of  an  animal  substance,  which  would  be  foimd 
to  be  of  an  albuminoid  nature,  mixed  however  with  earthy 
constituents.  It  would  have  again  to  be  dried  at  212®  to  expel 
the  water,  and  then  be  weighed.  This  dried  mass  being 
now  burnt  in  a  covered  vessel,  the  loss  would  indicate  the 
quantity  of  albuminoid  matter,  whilst  the  ashes  would  consist 
of  the  earthy  salts  (phosphates,  carbonates,  and  sulphates  of 
lime  and  magnesia),  which  would  finaUy  have  to  be  separated 
by  ordinary  chemical  processes,  and  be  weighed.  In  this  way, 
all  the  proximate  constituents  of  the  white  brain  substance. 
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and  their  relative  quantities,  would  be,  though,  after  all, 
roughly  ascertained. 

We  shall  now  briefly  indicate  the  chemical  constitution  of 
the  various  tissues,  reserving  to  special  occasions  the  details  of 
the  composition  of  the.  different  secretions. 

The  connective  tissues,  areolar,  fibrous,  tendinous,  and  mem- 
branous, including  the  basis  of  the  skin,  contain  about  two- 
thirds  of  water,  and  one- third  of  solid  matter.  The  solid 
matter  is  nearly  entirely  resolved  into  gelatin  on  being  boiled, 
but,  like  the  blood  itself,  contains  traces  of  alkaline  and  earthy 
salts. 

Permanent  cartilage  contains  about  three-fifths  of  water 
and  two-fifths  of  solid  matter,  which  is  resolved  into  chondrin 
on  boiling.  The  solution  gelatinises  on  cooling,  perhaps  from 
the  presence  of  a  little  gelatin.  This  cartilage  contains  from 
3  to  4  per  cent,  of  alkaline  and  earthy  salts,  chiefly  carbonate 
and  sulphate  of  soda,  and  carbonate  of  lime,  but  it  also  con- 
tains chloride  of  sodium  and  phosphate  of  magnesia  and  lime. 
Temporary  cartilage  yields  a  solution  of  chondrin,  which  does 
not  gelatinise. 

The  fibro-cartiUiges  have  a  mixed  composition,  yielding 
both  gelatin  and  chondrin  on  being  boiled.  Th^  yellow  elastic 
tissue  is  said  to  contain  leas  water  than  the  other  soft  tissues. 
It  ortt^iTi  great  rt-Hii^taiice  to  the  action  of  boiiinfj  water,  but  at 
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|M»Iuiitaij  muscles,  contains  about  74" 5  per  cent.,  or  nparlj 
Oiree-fburthB  of  its  weight  of  water »  The  remaijiing  fourth,  or 
54*5  per  ceut,  which  ir  solid  matttjr,  consist  of  15  piirt« 
nf  muHcrle- fibrin  or  ^yntonin,  and  of  fi  residue,  of  which  i>om  2 
lo  4  yikrtM  are  fat,  the  rest  being  albumen  (probably  derived 
fnmi  nioiwl  flmd  betwet^n  tbe  fibres,  and  the  blood  in  the  i 
eapiilary  veni^ela  of  the  muscle)^  gelatiii  (derived  fn»m  the  in- 
tt'rmixed  fine  areolar  tissue),  traces  of  a  red  pigniemarj  sub-^ 
^*nc€t  a  large  cjuanlity  of  extractive  matters,  such  a»  creatin 
md  creatinin,  miiftcle-aiigar  or  inosite,  bctie»  butyric,  formic 
and  acetic  aeids^  and  a  quantity  of  alkaline  and  earthy  Baits, 
with  Mime  carbonic  acid  and  oxygen*  The  juice  of  mu>icle  ii 
acid.     Ii  contains  more  pfjtasli  tfian  soda  salts,  a  large  propor- 

I  tion  of  which  are  pho^spliate?*.  The  eubsitance  formerly  called 
omtttonic^  on  which  thu  odour  of  muscle  depends*,  is  a  com* 
ptnind  of  several  of  the  extractive  matters. 

The  white  and  *jreff  rietvQits  mlfstances  resemble  each  other 
ill  containing,  like  the  rest  of  the  »oft  tissue?*,  a  very  large  per- 

'      cenfage  of  water ;  the  soUd  re^due  is  composed  of  albuminoid 
lnatt*?r,  a  krjse  rj nan tity  of  fatty  matters,  extractives,  and  salts. 
They  differ  from  each  other  remarkably,  in  the  relative  pro* 
portions  of  their  constituents.     Th6  white  substance  contains 
more  solid  matter  and  less  water  than  the  grey, — the  per- 
centage in  the  white  matter  being  73  of  water  to  27  of  solid 
substances,  and  in  the  grey  matter  85  of  water  to  only  15  of 
flolids.   The  white  matter  contains  15  per  cent,  of  &t,  the  grey 
only  5  per  cent. :  the  white  has  10  pet  cent,  of  albuminous 
matters,  the  grey  only  7  J :  the  extractive  matter  and  the 
fialts  are  about  the  same,  the  latter  being  chiefly  phosphates. 
Amongst  the  albuminoid  substances,  is  one  said  to  resemble 
Byntonin,  and  another  which  is  compared  to  elastin.  The  fatty 
matters  are*  partly  reddish  and  partly  colourless :  they  consist 
of  cerebric  acid  (a  peculiar  azotised  acid),  glycero-phosphoric 
acid,  lecithin,  palmitin,  palmitic  acid,  with  traces  of  olein,  and 
some  cholesterin.     These  fatty  substances  are  supposed  to  be 
chiefly  present  in  the  medullary  sheath,  whilst  the  axis  band  is 
belieyed  to  contain  the  albuminoid  syntonin.   The  extractives 
consist  of  creatin,  xanthin,  hypo-xanthin  or  sarcin,  and  inosite, 
with  lactic,  phosphoric,  and  even  uric  acids,  combined  with 
potash,  lime,  and  magnesia.    There  are  also  traces  of  oxide  of 
iron,  silica,  alkaline  sulphates,  and  chloride  of  sodium.     The 
phosphorus  specially  contained  in  the  brain,  amounts  to  from 
1*3  to  1*79  per  cent,  of  the  weight  of  its  substance. 
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The  proximate  constituents  of  the  blood  are  so  various,  that, 
chemically  speaking,  it  contains  nearly  all  the  substances  foimd 
in  the  solid  tissues,  either  as  its  essential  constituents,  or  as 
unavoidable  or  occasional  impurities.  There  is  one  very  re- 
markable exception  to  this  statement,  in  the  total  absence 
from  the  blood  of  any  gelatin  or  chondrin,  or  of  any  substance 
which  yields  gelatin  or  chondrin  on  being  boiled.  In  tliis 
respect,  blood  resembles  pure  muscular  tissue  and  nervous 
tissue,  and  differs  from  the  connective,  cartilaginous,  and 
osseous  tissues.  Blood  has,  indeed,  been  called  liquid  Jlesh, 
and  it  contains  nearly  as  much  solid  matter  as  flesh,  for  the 
blood  contains  one-fifth,  and  muscle  one -fourth,  of  its  weight 
of  solids.  The  analyses  of  the  blood  by  various  chemists,  pre- 
sent very  different  results,  partly  due  to  the  different  methods 
employed,  but  also,  doubtless,  to  the  variable  composition  of 
this  fluid  imder  different  conditions  connected  with  health, 
exercise,  food,  temperament,  age  and  sex.  Venous  and  arterial 
blood  likewise  differ  in  certain  respects.  The  following  table 
froiir  Lehmann  shows  the  composition  of  1000  parts  of  blood, 
calculated  from  the  analysis  of  venous  blood  by  Lecanu : 

CTorptudes.  Plaama.  Total. 

Water           .        .        .814-  461-45  795*45 

Hwmatin      .        .         .        8*376            —  8-376 

Globulin  and  Envelopes     141*11              —  141'11 

Fat       ...         .         1-155             -86  2-016 
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the  blood,  and  likewise  traces  of  silicon  and  manganese,  and 
even  of  lead  and  copper.  The  soda,  potash,  lime,  and  magnesia, 
are  variously  combined,  so  as  to  form  chlorides,  phosphates, 
sulphates,  lactates,  and  carbonates  (at  least  when  the  blood  is 
burnt  to  ashes).  The  distribution  of  the  mineral  substances  in 
the  blood  is  peculiar.  Thus,  the  moist  red  corpuscles  contain 
ten  times  as  much  potassium  in  1000  parts  as  the  liquor  san- 
guinis, but  only  one-third  as  much  sodium  ;  whilst  about  six 
times  raore  phosphoric  acid  may  be  obtained  from  the  cor- 
puscles than  from  the  liquor  sanguinis,  but  only  about  half  as 
much  chlorine.  The  chloride  of  sodiiun  is,  therefore,  chiefly 
contained  in  the  fluid  plasma  of  the  blood,  and  the  phos- 
phoric acid  principally,  and  the  potassium  almost  entirely,  in 
the  corpuscles,  which  also  contain  a  large  share  of  the  fatty 
mattera.  In  carnivorous  animals,  phosphates  preponderate  in 
the  blood ;  in  herbivora,  carbonates  abound ;  but  the  chloride 
of  sodium  is  very  constant  in  both,  showing  the  strong  affinity 
of  the  animal  tissues  for  that  salt.  The  albumen  of  the  blood 
is  by  some  believed  to  be  combined  with  soda,  as  a  so-called 
albuminate.  The  blood  has  a  saline  taste,  and  is  an  alkaline 
lluid,  its  alkalinity  depending  either  on  a  carbonate  or  an 
alkaline  phosphate  of  soda.  The  crystallisable  extractive  mat- 
ters of  blood  consist  chiefly  of  creiitin  and  creatinin,  but  also 
include  hypoxanthin  or  sarcin,  leucin,  tyrosin  (in  disease), 
hippuric  acid,  and  even  urea  and  uric  acid  in  minute  quan- 
tities. There  are  also,  in  certain  kinds  of  blood,  traces  of  grape- 
sug-ar,  or  of  the  amyloid  substance,  glycogen,  as  in  the  blood 
of  the  hepatic  veins,  vena  cava  inferior,  right  auricle,  and  pul- 
mc»nar}'  artery.  All  blood  contains  traces  of  colouring  subst-ances 
like  those  of  the  bile,  and  odoriferous  substances  like  those  of 
the  flesh.  The  odour  of  blood  differs  in  different  animals ;  in 
man  it  is  said  to  be  sometimes  garlicky :  it  is  supposed  to  be 
due  to  a  fatty  acid,  and  may  be  rendered  more  distinct  by  the 
addition  of  sulphuric  acid,  even  to  old  specimens  of  dried 
blor)d.  Lastly,  the  blood  contains  carbonic  acid,  oxygen,  and 
nitrogen  gases,  in  various  proportions  in  different  kinds  of 
bloml,  and  held  in  solution,  or  in  some  feeble  state  of  combi- 
nation, as  will  be  more  fully  explained  in  the  chapter  on  Ke- 
spiration.  The  fluid  plasma,  which  pervades  all  the  tissues, 
must  alsT)  hold  in  solution  nearly  all  the  constituents  of  the 
blood,  including  the  gases  just  enumerated.  Whilst  the  solid 
an<l  liquid  constituents  of  the  blood  are  its  nutrient  part,  the 
oxygen  dissolved,  or  otherwise  loosely  combined  in  it,  is  its 
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moRt  energetic  chemical  and  stimulating  ingredient.  The 
Bpecial  uses  of  its  several  constituents  will  be  considered  in 
the  chapter  on  the  Circulation. 

The  chyle  and  lymph  have  a  similar  composition  to  blood, 
but  they  are  both  much  more  watery,  and  contain  far  leas 
solid  matter,  the  chyle  being  the  richer  of  the  two,  that  is 
to  say,  diuring  digestion  ;  but  during  &sting  it  has  the  same 
composition  as  tie  lymph.  Chyle  taken  from  a  donkey  has 
been  found  to  contain  about  900  parts,  and  human  lymph 
about  970  parts,  of  water  in  1000.  The  100  parts  of  solids 
in  the  chyle  were  found  to  consist  of  36  of  albumen,  4  of 
fibrin,  36  of  fat,  15  of  extractive  matters,  and  9  of  salts. 
The  30  parts  of  solids  in  the  lymph,  consisted  of  4J  parts 
of  albumen,  5  parts  of  fibrin,  2^  of  fiit,  3  of  extractive 
matters,  and  15  of  salts.  Other  analyses  give  different  re- 
sults ;  but  the  chyle,  speaking  generally,  is  distinguished  from 
lymph,  by  containing  more  albumen,  and  much  more  fat; 
hence,  after  coagulation,  the  serum  of  chyle  is  more  &tty  than 
that  of  lymph.  In  comparison  with  blood,  chyle  contains 
much  less  albumen,  but  much  more  fat,  and  usually  no 
colouring  matter.  The  lymph  of  the  lymphatics  contains 
traces  of  sugar  and  urea ;  in  the  lymphatic  glands  leucin  has 
been  detected.  The  salti*  of  the  bluoii,  fhyle^  and  lymph,  are 
very  similar,  only  those  of  the  blood  are  richer  in  phosphates. 
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itig-  to  Moleschott,  it  forms  about  08  partes  otit  of  100  in  the 
entire  human  body.  The  remaining  32  pirts  per  cent,  of  dritd 
saJjfttances  conBistT  in  round  nnmbera,  of  15  purta  of  albu-* 
mmoiil  bodies,  including  albumen,  globulin,  syntouin,  iibrin, 
and  csolouring  subwtanceai  5  |jart^  of  gelatinous  and  chondriiiou3 
«&bit9n(?€^  2^5  nf  fatty  matters,  '5  of  all  the  different  extrac* 
tiTe  substances^  including  organic  acida,  sugar,  and  ureii,  and, 
lastly,  of  9  parts  of  saltSp  of  which  1  perhaps  is  alkaline,  and 
g  are  earthy. 

Th^  albumen  and  globulin  are  found,  as  will  have  been 
noticed,  chiefly  in  the  blood,  chyle,  lymph,  nervous  sulnit^mcet 
and  muKcie ;  the  syntonin  and  fibrin  in  the  muscles,  the  blood, 
the  chyle,  and  the  lymph ;  the  colouring  matters  in  the  blood, 
the  eyes,  the  hair,  and  the  bile ;  the  gelatinous  and  chondrinnus  ^ 
FubftlAnces  in  the  areolar  and  fibrous  connective  tissues,  in  tlie 
iicin^  the  bones*,  and  the  cartilages  j  horny  stibstiinees  in  the 
ejiidennia,  nails  and  hairsj;  latty  substances  in  the  adipose 
tiastiet  the  brain,  tlie  blood,  the  chyle,  and  the  bilo;  and 
extractive  matters  in  most  of  the  tissues  and  oi^ans  of  the 
body.  Of  the  alkaline  and  earthy  salts,  all  occur  in  the 
blood  ;  but  the  lime  salts  are  found  principally  in  the  bones 
and  teeth,  and  much  more  scantily  in  cartilage ;  the  magnesia 
salts  occur  in  the  bones,  in  the  muscles,  and  in  the  blood ; 
the  soda  salts,  especially  the  chloride  of  sodium,  in  every  tissue, 
but  markedly  in  the  blood-plasma;  whilst  the  potash  salts  are 
found  in  the  blood-corpuscles,  and  in  the  muscles.  The  fluoride 
of  calcium  exists  in  the  bones,  in  the  teeth,  and  in  milk ; 
silica  chiefly  in  the  bones  and  the  hair ;  and  iron  principally 
in  the  blood.  Carbonic  acid  and  oxygen  must  occur  every- 
where, but  mainly  in  the  blood. 

As  to  the  water,  combined  in  various  measure  with  every 
tissue  of  the  body,  it  is  just  as  important,  in  regard  to  their 
chemical  constitution  and  reactions,  as  we  have  seen  it  to  be 
in  reference  to  their  physical  characteristics,  such  as  their  soft- 
ness, elasticity,  and  permeability.  This  contained  or  essential 
water,  or  tissue  water,  as  it  might  be  called,  also  facilitates  in 
an  extraordinary  manner,  by  its  universal  solvent  power,  all 
the  requisite  and  incessant  chemical  changes  which,  we  know, 
take  place,  not  only  in  the  more  fluid,  but  also  in  the  most 
solid  parts  of  the  living  body.  It  is  probable,  also,  that,  just 
as  in  certain  aqueous  solutions  of  salts  or  other  substances,  the 
water  appears  often  to  be  chemically  combined  with  those 
substances,  and  not  to  be  a  mere  solvent,  so,  in  the  changes 


94 


ANATOMY. 


from  the  solid  to  the  fluid,  or  from  the  fluid  to  the  solid  8tat€, 
of  certHin  constituents  of  the  body,  water  enters  into  combina- 
tion with  them,  or  leaves  its  state  of  combination  with  them, 
in  definite  proportions  at  various  times.  The  vast  importance 
of  the  chemical  play  of  water  in  the  living  animal  body,  will 
be  fully  illustrated,  as  we  proceed  with  our  account  of  its  vital 
properties  and  actions. 

The  subjoined  Tables  (from  Dal  ton)  show  the  quantities  of 
water,  of  chloride  of  sodium,  and  of  phosphate  of  lime,  con- 
tained in  1000  parts  of  certain  tissues,  fluids,  secretions,  and 
excretions  of  the  body.  Some  of  these  have  not  yet  been 
here  described. 
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nltmnait  ehrtiikal  eonstihients  of  the  body.  For  fUU  dehdla  on 
tk&B  mbjeet  we  muat  refer  to  Treatises  on  ChemiMri/ 1  it  will 
9itllce  here  to  srate  briefly,  tbe  chemical  compoeition  of  the 
proxitiiate  constituents  of  the  body. 

An  to  the  inorgmm  pTf>xiinate  conitituents,  their  compoii- 
tjou  i§  csomparatively  dinple ;  for  they  are  usually  made  up  of 
two  elementary  biddies,  that  is,  they  arc  binmy  compounds, 
»uch  aa  water  and  salt,  or  else  they  appear  to  be  formed  by 
the  onion  of  two  or  more  aiich  binary  compounds  into  OHO 
eubitance,  as  the  carbonate  of  soda,  or  phoisphatje  of  lime. 

If  the  oxygen  and  the  nitrogen,  which  seem  to  exi.nt  fi-ee 
in  the  blood  and  other  fluids,  be  really  only  dii^^lved  in  them, 
tiiey  afford  e^tamples  of  a  simple  element  entering  as  such  into 
the  eomportition  of  the  body  ;  but  it  is  possible  that  these  ga^es 
»e  in  »ome  unknown  though  loose  state  of  chemical  com- 
bination in  thoHe  fluids. 

The  carbonic  acid  gas  is,  howeyer,  a  binary  compound, 
Cfvnsisting  of  one  atom  of  carbon  and  two  atoms  of  oxygen 
(CO,,  carbonic  acid).     Again,  the  water  is  compo&ed  of  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  chemically  com- 
bined as  an  oxide  of  hydrogen  (H2O,  hydric  oxide).     The 
chloride  of  sodium  (common  salt)  consist*  of  one  atom  of  chlo- 
rine imited  with  one  atom  of  sodixmi  (NaCl,  sodic  chloride)  ; 
chloride  of  potassium,  of  chlorine  and  potassiimi  (KCl,  po- 
tassic   chloride);  fluoride  of  calciiun  (fluorspar)  consists   of 
two  atoms  of  fluorine  and  one  of  calcixm:!  (CaFj,  calcic  fluor- 
ide).    The  alkalis,  soda  and  potash,  and  the  earths,  lime  and 
magnesia,  are  the  oxides  of  the  metals  sodium,   potassimn, 
calcium,  and  magnesium,  that  is,  are  compounds  each  of  one 
atom  of  oxygen  with  one  or  two  atoms  of  those  metals  respec- 
tively (NajO,  K2O,  CaO,  and  MgO,  sodic,  potassic,  calcic  and 
magnesic   oxides).     AD    the    preceding  bodies  are   binary 
compounds ;  but  as  examples  of  substances  in  the  body,  which 
appear  to  be  formed  by  the  union  of  two  such  binary  com- 
pounds, we  may  mention  the  phosphates,  sulphates,  and  car- 
bonates of  soda,  potash,  lime,  and  magnesia  (otherwise  named, 
the  sodic,  potassic,  calcic,  and  magnesic  phosphates,  sulphates, 
and  carbonates),  which  may  be  regarded  as  compounds  of  phos- 
phoric, sulphuric,  and  carbonic  acids  with  the  above-mentioned 
alkalis  and  earths, — carbonic  acid  being  itself  composed,  as 
already  stated,  of  one  atom  of  carbon  and  two  atoms  of  oxygen 
(CO  2) ;  sulphuric  acid,  of  one  atom  of  the  well  known  substance 
sulphur,  and  three  atoms  of  oxygen  (SO3) ;  and  phosphoric  acid 
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of  two  atoms  of  phosphorus  and  five  atoms  of  oxygen  (PjOr). 
The  trace  of  silica  or  flint,  found  in  the  body,  is  an  oxide 
of  the  metal  silicon  (SiOj,  silicic  acid).  The  small  but  essen- 
tial quantity  of  the  metal  iron  (Fe)  exists  also  in  some  com- 
bined state ;  and  the  minute  traces  of  the  metals  manganese 
(Mn)  and  copper  (Cu),  and  of  alumina,  the  basis  of  clay, 
which  is  an  oxide  o{  the  metal  almninium  (Al^Os),  are 
perhaps  accidental. 

But  the  organic  proximate  constituents  of  the  body  have  a 
much  more  complex  chemical  composition,  though  they  too 
are  resolvable  by  spontaneous  decomposition,  by  chemical  re- 
actions, or  by  the  destructive  action  of  fire,  into  a  few  ulti- 
mate elements,  which  then  revert  to  the  inorganic  state.  The 
simplest  of  these  organic  constituents  are  ternary  compounds, 
that  is,  they  are  formed  by  the  combination  of  three  chemical 
elementary  substances ;  whilst  others  are  quaternary,  or  even 
quinary  compounds. 
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called  atoms  of  each  element,  which  are  supposed  to  enter  into 
coiabination  to  fonn  a  particular  substance ;  in  other  word^, 
thej  show  the  theoretical  t^tiojnic  composition  of  that  sub- 
^tajice.  But  the  p<?rcentage  comp:»Bitiun,  representing  in 
roand  numbers  the  quantities  bj  weight  of  eitch  element  in 
llK)  parts  of  the  suhatance,  ia  als*:t  of  some  interest. 

The  great  character iBtic  of  the  fats,  ie  that  they  are  Tery 
rich  in  carbon  and  hydrogen,  in  proportion  to  their  oxygen ; 
they  are  knou-a  as  solid  h^fdrocarbom^  In  the  sugars  the 
number  of  atoms  of  carbon  m  l:>alanced,  as  it  were,  by  as  much 
hydrugeo  and  oxjgt-n  an  would  fonii  the  aanie  number  of 
aiuint^  of  water ;  hence  they  are  Irequcntly  named  cm-bo* 
k^hattii^  or  carbh  yd  rates. 

The  azotked  aubstancea  of  the  body  have  a  still  more  com- 
plex chemical  conatitutioft.  Even  tne  simplest  of  them  are 
quaternary  compounds,  containing,  besides  a  large  anifiunt  of 
nitrogen  or  azote,  certain  proportions  of  carbon,  hydrogen,  and 
oxygen.  Some  of  them  are  even  quinary  com  pounds,  con* 
taioing,  in  addition,  either  sulphur,  iron,  or  phogiphorua,  in  mmn  ^ 
yet  luikiiown  state  of  combination,  Tlje  perct^ntage  conipo* 
sitioD  of  these  azotised  substances,  as  given  in  the  next  page, 
has  been  more  or  less  accurately  determined ;  but  the  atomic 
constitution  of  a  few  of  them  only,  as  indicated  by  the  letters 
and  numbers  placed  between  brackets,  is  well  agreed  upon. 
Except  keratin,  they  are  all  remarkably  prone  to  putrefaction 
or  spontaneous  decomposition. 

Of  the  azotised  substances  of  the  body,  it  is  found,  as  is 
shown  in  the  following  table,  that  albumen,  fibrin,  and  casein 
have  almost  exactly  the  same  chemical  composition.  Each 
of  them,  moreover,  has  a  minute  quantity  of  phosphate  of  lime 
associated  with  it.  By  boiling,  and  so  dissolving,  either  of  these 
sul)«tance3  in  a  solution  of  caustic  potash,  its  sulphur  is  re- 
moved firom  it ;  and  when  the  animal  substance  is  reprecipi- 
tated  in  a  solid  form  by  acetic  acid,  its  composition  is  altered 
only  by  the  loss  of  sulphur.  This  desulphurised  substance,^ 
the  same  in  character  whether  obtained  from  albrunen,  fibrin, 
or  casein, — was  supposed  by  Miilder  to  be  the  true  basis  of 
each  of  these  three  substances,  which  differed  only,  according 
to  this  view,  in  the  relative  quantities  of  sulphur  which  they 
contained.  This  common  hypothetical  base  was  accordingly 
named  by  him  protein  (from  irftwrog,  protos,  first);  and  the 
albumen,  fibrin,  and  casein  were  regarded  as  compounds  of  pro- 
tein with  sulphur,  and  were  designated  proteinaceous  substance^. 

u 


98 


ANATOMY 


CHrh. 

Hrdr. 

Kier. 

Omjfi. 

Sutph. 

1(10  piirta  Albumen    ,     .     .    — 

53-8 

7' 

15-S 

22*5 

1-2 

n 

Fibrm   *     .     .     .   = 

527 

7^ 

15-8 

23-4 

VI 

n 

C-ascin   ,     ,     ,     .    » 

$3"e 

7- 

15-8 

22-4 

I' 

*i 

Odrttin.     .     .     .   « 

5tV3 

7-2 

18* 

24  0 

Chundriji    ,     »     ,   *= 

49-3 

6*e 

14'4 

29-3 

■4 

*f 

Kera tin  (hair)     .   » 

51- 

ff^ 

17- 

25* 

5 

1i 

Hremtitin  (blood)  — 

a5-5 

5-4 

10-4 

11-8/ 

6*9 

(irom) 

" 

Black   p[^eiit   \ 
(eye)     .     .     .      f  "" 

57*5 

5-9 

13*7 

22'§ 

»■ 

GiTen  pigment  1 
(bile)    .     .     .    J  ~ 

60-2 

5'S 

B5 

25^ 

,/ 

Ccrebric     acid    1 

6€7 

10*6 

2<3 

l$'&  ( 

{ph«.) 

(limin)     .     .    1 

I 

1       II 

Cholic  Arid           \ 

67^1 

9-2 

3- 

20-7 

i     " 

Ttttmi*c?hf>lic  utid  1 

60^ 

8-7 

2-7 

21-8 

e2 

ft 

ChoUHc  Add      1 
(Cs,H,,0,)      J  ^ 

70-6 

9-8 

— 

19-8 

GItcoooII             1 
(C,H,KO,)      /" 

32- 

6-5 

187 

427 

tt 

Taunn                   J 

192 

5-6 

11-2 

38'4 

256 

.. 

Cmitin                 1  _ 

afi'7 

fi-?» 

3*?' 

9Ji 

^1 

ULTDIATS  COXSnTUEKTS  OF  THE  BODT.  99 

tonin,  fibrin,  and  casein,  as  closely  allied  bodies,  of  which 
albumen  is  the  type,  so  that  they  may  be  called  albuminous 
or,  better,  albuminoid  substances. 

As  to  the  other  azotised  bodies,  in  the  first  place,  gelatin 
seems  to  be  a  modification  of,  or  derived  product  finom,  albu- 
men,— the  sulphur  being  gone,  the  carbon  diminished,  and 
the  nitrogen  and  oxygen  iacreased.  Chondiin  has  a  little 
sulphur  sUU  retained  in  it,  and  so  has  keratin.  The  colouring 
matters  of  the  blood,  the  eyeball  and  the  bile,  have  also  the 
appearance  of  being  derived  from  albumen, — the  carbon  being 
increased,  the  hydrogen  and  nitrogen  diminished,  and,  in  the 
case  of  the  hsematin,  an  extraordinary  addition  appearing  in 
the  shape  of  seven  per  cent,  of  iron  m  some  unknown  state 
of  combination.  Cerebric  acid  is  regarded  as  a  slightly  azo- 
tised fiitty  substance,  which  also  contains  phosphorus :  cholic 
acid  is  also  fiitty ;  both,  therefore,  contain  much  carbon  and 
hydrogen.  Another  fittty  acid  in  the  bile  (the  tauro-cholic) 
contains  in  addition  a  little  sulphur.  The  extractive  matters 
creatin  and  creatinin,  sarcin,  xanthin,  and  others,  are  mainly 
distinguished  by  the  Lirge  amount  of  nitrogen  they  contain. 
This  is  also  the  case  with  urea  and  uric  acid,  both  which 
excretory  substances,  however,  are  more  highly  oxidised,  or 
contain  proportionally  more  oxygen  than  the  preceding  Hub- 
stances. 

The  non-azotised  bodies,  such  as  simple  fat  and  sugar,  yield, 
on  being  decomposed  or  burnt,  carbonic  acid  (COj),  and  water 
(HjO)  only,  the  additional  quantities  of  oxygen  required  being 
derived  from  the  atmosphere.  By  natural  decomposition,  as 
already  stated,  the  azotised  organic  matters  yield  ammonia 
{NH3),  which  consists  of  one  atom  ofnitrogen  and  three  atoms 
of  hydrogen:  those  which  contain  sulphur  (especially  albu- 
men), also  yield  sulphuretted  hydrogen  gas  (HjS),  which  is 
a  compound  of  two  atoms  of  hydrogen,  and  one  atom  of 
i«ulphur.  By  destructive  heat,  these  substances  yield,  besides 
ammonia,  water,  and  carbonic  acid,  sulphuric  acid  (SO 3). 
Any  saline  or  earthy  matter,  associated  in  the  tissues  with 
either  the  azotised  or  non-azotiscd  substances,  is  left;  as  ashes 
after  the  burning. 

Finally,  then,  it  appears  that  the  ultimate  chemical  elements 
entering  into  the  composition  of  the  body,  are  those  which 
are  incficated  in  the  following  table,  to  which,  however,  must 
be  added  a  trace  of  manganese  (probably  associated  with  the 
iron),  and  sometimea  traces  of  aluminium,  copper,  and  lead, 
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probably  accidental.   The  percentage  proportions  of  these  ulti- 
mate elements  have  been  said  to  be  as  follow : 
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The  entire  body,  that  is,  the  body  with  its  natural  moisture, 
is  composed,  therefore,  of  about  eighty-four  parts  of  gaseous 
chemical  elements  to  sixteen  parts  of  solid  elements. 

The  greater  part  of  the  oxygen  and  hydrogen  exists  in  the 
state  of  water,  but  the  dried  residue  still  contains  some  gaseous 
as  well  as  solid  elements.  Ic  will  be  seen  that,  setting  aside 
the   components  of    the  water,  carbon   is   the  most  abuu- 
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VITAL  PROPERTIES  OF  THE  TI88US8. 

The  animal  tissues,  the  microscopical  structure,  chemical  com- 
position, and  physical  propeities  of  which  have  now  been 
described,  possess  and  manifest,  during  life,  certain  further  and 
peculiar  properties,  altogether  different  from  those  exhibited 
by  inorganic  substances,  at  once  distinguishing  them  from 
such  l>odies,  and  enabling  them  to  perform  certain  important 
uses  in  the  living  animal  body.  Hence  these  properties  have 
been  named  vital  properties.  Of  these  vital  properties,  two 
are  special,  i*.  e.  are  confined  each  to*  one  elementary  animal 
tissue  or  substance  respectively  ;  whilst  a  third  vital  property 
is  genera],  t.  e.  is  manifested  by  all  the  living  tissues.  The 
two  former  properties  are  contractility  and  sensibility ;  whilst 
the  latter  is  known  under  several  names,  of  which  we  prefer, 
as  a  general  term,  that  o{  the  formative  or  organising  property. 

Vital  contractility  is  the  power  possessed  by  certain  tissues 
of  contracting,  or  liortening  themselves,  in  one  direction.  It 
is  especially  manifested  by  the  fibres  of  muscular  tissue,  and 
is  most  probably  the  source  of  all  intrinsic  motion  in  the 
living  body ;  for  it  is  possibly  even  the  cause  of  ciliary  motion, 
and  of  all  the  movements  in  animal  protoplasm.  It  is  some- 
times named  irritability,  and,  more  definitely,  muscular  irri- 
tability :  by  Haller  it  was  distinguished  as  the  vis  insita,  or 
vis  musculosa. 

Sensibility  is  the  special  property  of  the  nervous  tissues.   If 
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taken  to  represent  all  the  vital  properties  of  nervous  substance, 
in  which  general  sense  it  is  here  understood,  sensibility  is  a 
more  complex  endowment  than  the  contractility  of  the  mus- 
cular tissue.  It  might  be  spoken  of  as  the  nervous  irritability, 
but  a  common  and  more  appropriate  term  for  it  is  the  ^excita- 
hility '  of  the  nervous  tissues.  This  peculiar  vital  property  of 
nervous  excitability  is  manifested  both  by  the  nerve-fibres 
and  the  nerve-cells.  In  the  former,  it  appears  as  simple  excita- 
bility ^  or  the  property  of  receiving  impressions  from,  or  being 
excited  by,  certain  stimuli ;  whilst,  in  the  latter,  it  assumes 
more  special  forms  of  reception  and  reaction,  constituting  true 
sensibility^  to  which  must  be  added  volitional  and  excitomotory 
or  rejlex  power.  Moreover,  both  forms  of  tissue  are  able  not 
merely  to  receive,  but  also  to  transmit,  the  effects  of  impressions, 
whilst  the  nerve-cells  especially  originate  internal  actions. 
The  nerve-fibres  possess,  in  a  marked  degree,  the  power  of 
conducting  the  effects  of  impressions,  either  inwards  to  proper 
receptive  or  reflective  nervoua  centres,  endowed  with  special 
excitabilities,  which  are  then  called  into  play,  or  outwards 
to  the  muscular  organs,  which  being  endowed,  as  we  have 
seen,  with  contractility,  then  contract.  That  action  of  the 
nerv'e-fibres  of  certain  nerves,  which  consists  in  conducting 
the  effects  of  stimuli  to  the  muscular  tissue,  and  causing  it  to 
eontraet,  was  iisirned  by  Ilaller  the  viii  nenrtm ;  ami  there  is 
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^mOt  waflto  and  reiioyation,  which  accompany  and  follow  the 
j  txercise  or  tLsr?  of  the  tissu**.  This  purely  assimilative  or 
mitritive  property  is  aiimetiaiea  nannstl  the  metafmhc  propeny 
or  riiiif  ajfinittf.  The  aeeoiid  organising  pro[jerty  mudilies  or 
controls  the  direction  of  the  assimilative  pro  per  ty^  so  far  as  tti 
leiiide  its  operation  to  the  production  of  certain  oijfanic  jbnmf 
both  in  the  entire  individuwl,  and  in  the  ieparate  organs,  parts, 
tissues,  and  ultimate  Btructural  elementa  of  which  it  consist:*. 
^i'hift  is  tlie  proper  organising  or  plffstic  property,  and  \mn 
heea  also  nam  eel  the  meiamorphfr  property.  The  metabolic 
«ir  unmiklive  process  is  evidently  a  chemical  proceaa  of  a 
kiglier  ^lanietier  than  ordinary  chemical  proce&eei»;  or,  as  it 
mmy  be  termed,  a  vito-chemical  process  j  but  die  metaniorphic 
or  plastic  property  in  purely  and  ahi^oJutely  a  vikd  process. 

Of  the  three  genend  rital  prof*erties  just  described,  the  laj?t, 
or  ofganising,  pro|ierty  is  ccimnion  to  plants  and  aniutals.  An 
imperfect  form  of  contractility  occnra  in  a  few  jxirtii  of  certain 
plants ;  but  seiisibiJity ,  or  nervous  excitability,  ia  quite  peculiar 
to  miimals. 

Tlient-  \  ital  propertitjs  of  the  animal  tissues  seem  to  lie,  aa  it 
were,  dormant  in  the  living  organism,  whether  it  be  a  germ, 
embiyo,  or  adult,  unless  they  are  called  forth  by  the  action  of 
Tarions  agents,  named  stimuli.  Such  stimuli,  from  their  ope- 
ration being  peculiar  and  essential  to  living  bodies,  are  some- 
times entitled  *  vital '  stimuli ;  but  that  term  is  more  appro- 
priately limited  to  such  stimuli  as  actually  originate  in  living 
oi^nisms.  Speaking  generally,  the  stimuli  to  life  are  some 
external,  and  some  internal.  The  exteimal  stimuli  are  either 
mechanical,  physical,  or  chemical,  such  as  pressure,  friction, 
pricking,  or  cutting,  heat  or  cold,  electricity,  light,  and  various 
chemical  agents.  Such  stimuli,  with  the  exception  of  light, 
if  applied  to  a  contractile  or  muscular  tissue,  cause  it  to  con- 
tract; if  applied  to  the  nervous  tissues,  they  rouse  their 
excitability,  bring  into  operation  the  conductility  of  the  nerve- 
fibres,  and,  through  them,  excite  the  special  sensibilities  of 
different  nerve-cells,  or,  indirectly,  induce  muscular  contrac- 
tility. In  the  former  case,  one  result  only  is  produced, 
whatever  be  the  nature  of  the  stimulus,  viz.  contraction  or 
motion ;  in  the  latter  case,  the  effects  differ  according  to  the 
nature  of  the  external  stimulus,  or  the  character  of  the  nervous 
excitability  of  particular  nerves  or  nervous  centres,  i.  e.  to  their 
susceptibility  to  react  in  a  peculiar  manner  in  relation  to  those 
stimuli.     Thus  pressure  produces  the  sensation  of  touch ; 
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changes  of  temperature  the  sensations  of  heat  and  cold;  rapid 
mechanical  vibrations,  hearing ;  chemical  actions  excite  ta<(te 
and  smeU,  and  luminous  vibrations  produce  sight*  The  m- 
ternal  stimuli  are  -partly  of  the  same  nature  as  the  external 
stimuli,  as,  e,  g,  the  stimulus  of  food,  which  is  partly  mechanical, 
and  partly  chemical,  and  which  may  produce  both  motion  in 
contractile  tissues,  and  sensation  in  sensitive  ^issues.  Of  the 
same  nature,  is  the  internal  chemical  stimulus  of  the  blood, 
chiefly  due  to  the  oxygen  which  it  absorbs  from  the  air ;  and, 
lastly,  to  this  category,  also,  belongs  the  physical  stimulus  of 
the  internal  animal  heat  proper  to  the  individual.  The  last- 
named  stimuli  might  be  called  vito-physical  and  vito^hemicaL 
There  are  other  internal  stimuli  which  may  more  properly  be 
named  vital,  for  they  are  neither  mechanical,  physical,  nor 
chemical.  These  are  the  purely  mental  stimuli,  which  ari^e 
from  consciousness  and  perception,  and  are  either  ideational, 
emotional,  or  volitional  These,  however,  also  originate,  so 
fkr  as  the  body  is  concerned,  in  peculiar  states,  conditions,  or 
affections  of  the  nervous  centres,  and  in  them  only;  and,  as  we 
shall  hereafter  see,  their  exercise  is  always  associated  with 
chemical  and  electrical  changes  in  the  nervous  molecules,  and 
therefore  they  present  likewise  a  vito-physical  and  vito-chemical 
aspect.  The  stimuli  which  act  on  the  body  from  without, 
have  been  characterised  as  objective,  and  those  which  act  from 
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nenrous  centres,  likewise  modify  the  formative  and  assimilative 
processes. 

The  uses  of  the  three  so-called  vital  properties  of  the  animal 
tissues,  may  be  thus  briefly  summed  up.  The  use  of  contrac- 
tility is  to  produce  all  the  varieties  of  independent  motion 
proper  to  certain  parts  of  the  living  frame.  The  use  of  the 
excitability  and  conductility  of  the  nervous  tissue,  is  shown 
in  the  control  of  the  movements  of  the  body,  both  involuntary 
and  voluntary,  and  in  the  various  forms  of  sensation,  and  their 
consequences,  such  as  emotion,  thought,  and  will.  Lastly, 
the  office  of  the  organising  power,  i.  e.  of  the  conjoined  assi- 
milative and  plastic  powers,  is  the  formation,  development, 
and  growth,  of  all  the  individual  tissues,  parts,  and  organs  of 
the  body,  and  their  maintenance  in  an  active  living  condition. 

In  that  condition,  there  occurs  a  ceaseless  internal  motion 
and  change  of  material,  involving  the  constant  removal  of 
old,  or  us^  and  disorganised,  matter,  and  the  absorption  and 
conversion,  the  assimilation  and  organisation  of  new  matter, 
which  are  the  great  characteristics  of  a  living  body.  The 
cesHation  of  these  changes  constitutes  death. 

Indeed,  it  is  this  active  condition  of  all  the  parts  of  the  body, 
manifested  through  the  exercise  of  the  various  vito-physical, 
vito-cheniical,  and  vital  properties,  called  into  play  by  exter- 
nal and  internal  stimuli,  which  yields  a  total  result  known  as 
'  vital  action^'  or  ^  life.^  The  life  of  an  individual  animal  is 
the  sum  of  its  various  actions,  the  aggregate  of  its  vital  phe- 
nomena. *  Life  is  organisiition  in  action  '  (Beclard).  Some- 
times, however,  the  term  lite  has  been  understood  to  signify 

*  the  mode  of  action  '  of  living  bodies.  Again,  it  is  also  fre- 
quently employed  U)  indicate  a  special  agent,  principle,  or  entity, 
which  is  considered  to  be  the  source,  or  cause,  of  all  the  vital 
properties  and  actions  ;  but  this  use  of  the  word  is,  perhaps, 
i)etter  avoided.  The  term  Vitality'  has  a  somewhat  similar 
signification ;  but  it  might  rather  be  restricted  to  the  power 
or  capacity  of  living.  The  e>:pression  *  vital  force  '  indicates 
a  still  further  step  made  by  our  minds  in  the  endeavour  to 
define  the  causation  of  vital  phenomena.     The  use  of  the  term 

*  force,'  in  this  sense,  is  hardly  to  be  avoided  in  physiological 
discussions  any  more  than  that  of  the  *  ibrce'  of  gravitation  in 
physical  explanations  ;  but  it  is,  unfortunately,  employed  in 
totallv  dissimilar  senses.  A  vital  *  force  '  is  as  unknown  to  us 
as  the  force  which  causes  gravitation  or  attraction  ;  and  we  can 
only  infer  or  assume  its  existence,  as  the  cause  of  certain 
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properties  in  living  things :  we  cannot  know  it  Besides  this, 
we  use  the  term  *  force  *  very  differently,  when  we  speak  of  the 
vital  force  of  the  whole  system,  in  relation  to  health  or 
disease,  or,  separately,  of  the  muscular,  nervous,  and  plastic 
forces,  or  of  the  force  of  the  arm,  the  heart,  or  the  thorax,  or 
of  the  secreting  force  of  a  gland,  or  of  the  solvent  or  digestive 
force  of  the  gastric  juice.  We  shall  hereafter  see  reason 
to  regard  most  of  the  so-called  forces,  thus  assumed  to  operate 
in  the  body,  as  modifications  of  that  common  force  which,  in 
the  inorganic  world,  is  supposed  to  act  in  various  modes,  some- 
•  times  by  attraction — as  in  cohesion  and  gravitation — the  latter 
being  often  a  cause  of  visible  motion ;  sometimes  as  an  in- 
visible motion,  causing  heat ;  at  other  times  as  light,  or  elec- 
tricity, or  chemical  affinity;  all  which  phenomena  are  sup- 
posed to  be  due  to  correlated  manifestations  of  one  and  the  same 
universal  force  pervading  all  matter.  In  living  animal  bodies, 
we  need  no  longer  assume  the  presence  of  so  many  distinct 
and  peculiar  forces  as  were  formerly  admitted.  As  we  have 
seen,  all  the  vital  actions  of  animals  may  be  referred  to  three 
primary  properties — contractility,  nervous  excitability,  and 
the  organising  property.  But,  even  for  the  explanation  of 
these,  we  do  not  require  to  assume  the  existence  of  three 
corresponding  and  purely  vital  forcea^  entii^ly  unrelated  to 
the  supposed  common  force  of  nature :  tor  the  coutractilit'v 
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universil  phjecal  force,  which  imdotibtedJj  subserves,  and 
is  €ssetitiiil  to,  their  inatjiftstttadon. 

The  formation  oC  a  fluid  or  solid  mass  of  albuminoid  pro- 
tophtsru,  mtiff  be  conceivf  d  to  be  due  to  a  vito-c;henjical  procesi, 
imd  it«  niaintenance  to  vito-chemical  chaiigf« ;  but  the  shttpimj 
ot  tliifi*  to  au  organic  fonn^  wh feather  a  nucJeui*,  a  naked  nucle- 
ated cdl  or  gyuinoplast,  or  a  ji^rl'ect  cell  with  envelope  or 
cTisiopla^Cf  or  the  nmltiplicatioD,  mod ifi cation,  and  adhesion 
oj*  theso  ill  definite  order,  manner,  and  connexion,  to  form  a 
complex  animal  or  veg^^table,  implii^s  the  pre&enco  of  some 
fttrther  ^n trolling  power.     There  wouM  fieem,  indeed,  to  be 

t»^me  ip^al  ibrce  in  animals  and  plaut,'^,  by  which  the  tissue^* 
ftrt«,  and  organg  are  evolved  in  determinate  hhape,  aize,  and 
omition,  find  are  definifelv  endowed  with  their  ordinary  pro- 
ertiea;  and  by  which,  moreo%*er,  entiro  organisms  are  de- 
eloped  in  apjj^irently  endless  variation,  according  to  the 
istinrtiona  of  kingdom*,  classes^  orders^  genera,  species,  race^ 
tx^  and  individuality.  Thejse  remarkable  phenomena  are  ac- 
cordingly said  to  imply  the  prefence  of  a  prodding,  controlling, 
and  dictating  force,  mijdiJied  in  innumerable  ways  by  external 
and  Lntemal  conditions,  transmissible  from  generation  to  gene- 
ration, and  certainly  distinct  from,  though  co-operating  with, 
the  common  physical  force  of  nature.  This  is  truly  a  *  vital ' 
force, — a  force  properly  called  *  organic,^ — on  which  the  very 
existeBce  of  both  animal  and  vegetable  organisms  depends. 
It  is  this  force,  also  known  as  the  *germ  force,'  which  de- 
velops and  maintains  the  body  and  all  its  parts,  with  their 
respective  vito- physical,  vito-chemical,  and  other  so-called 
vital  properties,  and  so  imparts  to  them  even  their  very 
highest  endowments. 

GENERAL  VIEW  OF  THE  ANIMAL  FUNCTIONS. 

The  life  of  man,  and  of  the  higher  animals,  consists  ulti- 
mately, as  already  said,  in  the  manifestation  of  the  various 
properties  of  the  structural  elements  of  the  different  tissues  . 
and  fluids ;  but,  in  its  more  obvious  effects,  it  is  manifested 
in  certain  special  acts,  which  are  known  asfunciionSj  performed 
by  the  instrumentality  of  the  parts  named  organs.  Life,  as 
we  have  seen,  is  organisation  in  action.  These  functions 
are  the  endowments  of  the  organs,  just  as  the  vital  properties 
are  the  endowments  of  the  tissues;  and,  as  most  organs  are 
constructed  of  many  tissues,  the  fimctions  of  such  parts  are 
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necessarily  more  complex  processes  than  the  fnndamental  ac- 
tions of  the  tissues. 

The  functions  of  animals  are  divided  into  two  principal 
groups,  named  respectively,  tlie  animal  and  the  vegetative 
functions,  the  former  being  essentially  limited  to  animal 
organisms,  the  latter  being  common  to  both  animals  and 
vegetables. 

In  contemplating  the  phenomena  presented  to  our  notice  by 
one  of  the  higher  animalis  e.  g.  by  the  dog,  or  rabbit,  the  dis- 
section of  which  latter  animal  has  been  previously  described 
(page  34),  the  most  obvious  fact  is  their  power  of  moving 
from  place  to  place,  and  of  performing  various  other  actions, 
prehensile,  oifensive,  defensive,  and  so  on.  These  several 
movements  are  ascribed  to  the  common  function  of  motion, 
including  the  acts  of  locomotion,  prehension,  and  others,  per- 
formed by  means  of  the  so-called  passive  organs  of  motion, 
the  bones  and  joints,  and  by  the  active  organs  of  motion,  viz. 
the  muscles  and  their  dependencies. 

But  the  movements  of  the  dog  are  neither  desultory  nor 
irregular,  but  are  evidently  directed  to  certain  ends  and  ob- 
jects desired  by,  or  useful  to,  it.  For  this  purpose,  the  animal 
must  feel,  using  that  term  in  its  widest  sense;  it  must  alHO 
be  able  to  perceive,  and,  to  a  certain  extent,  to  reason  upon, 
the  results  of  certain  external  influences,  to  desire  to  obtain 


k 


TIEW   OF   THE   AKHfAL    FITNCTIOSS. 


to  the  great  organ  of  sensation,  the  brain.  In  this  organ,  also, 
not  only  conaciouanesa  of  the  sensationB,  but  all  other  psychi- 
cal phenomena,  have  their  corptireiil  seat;  KUch  m  pereeption 
of  tiie  outward  causes  of  the  sensations,  ideas,  emotions,  dt*- 
dreft,  reasoning  procea*4ea,  and  will,  the  stimuli  or  mandates  of 
all  which  latter  proceed  from  the  brain  to  the  muscle,  destinwi 
to  ftat&frta,  ihe  neceaaaiy  ideational,  emottonal,  or  yoliintaij 
aela.  In^er  cases,  stimtili  produce  impnaBioiisoii  ihenerrci, 
wliidi  arewnyeyed  to  the  vpinal  cord,  or  to  its  eztenaioti  op- 
wards  into  ihe  head,  named  the  *  medulla  oUongata,'  and  m 
not  induce  sensatioo,  but  are  refl/teted  outwards  mTohmtRr% 
aloi^^  other  nerres  to  particular  muscles,  which  then  cimtrBQt 
and  per^xrm  the  necessary  moTement&  There  eicist  accord- 
vn^i  in  the  animal  oiganism,  aensory  nerves  and  eeneoruiM 
merwiu  em^treSf  motarnerves  toad  motarM  nenwue ceti^iree ;  wi 
Aeate  are  also  ^und  nervous  centres  concerned  in  the  re£toct#d 
or  r^ex  motor  actions  of  the  body. 

These  mixed  motor,  sensory,  and  psychical  ftmctions,  wh&sli 
constitute  the  so-called  proper  animal  functions,  cannot  be 
performed  continuously  without  cessation.  The  animal  sooner 
or  later  becomes  exhausted  in  regard  to  them  ;  the  brain  be- 
comes weary  and  the  muscles  fatigued.  Rest  is  indispen- 
sable. These  functions  are  for  a  time  suspended,  and  the 
condition  known  as  sleep  occurs,  which,  when  perfect,  is  ac- 
companied by  the  temporary  suspension  of  all  these  animal 
functions — -motor,  sensory,  and  psychical.  But  sleep  is  in- 
sufficient of  itself  permanently  to  restore  animal  activity.  In 
the  exercise  of  the  muscular  and  nervous  systems,  these  organs 
undergo  a  destruction  or  waste  of  their  component  mole- 
cules. During  every  interval  of  rest,  as  well  as  during  sleep, 
they  are  renovated  by  materials  derived  from  the  common 
nutrient  circulating  fluid,  the  blood.  But  the  blood  itself, 
in  thus  contributing  to  restore  the  wasted  nervous  and  muscu- 
lar organs,  itself  becomes  impoverished.  Under  these  circum- 
stances, it  may,  for  a  time,  draw  material  from  one  part  of  the 
body  to  sustain,  as  long  as  it  can,  another  part, — the  more 
passive  organs  of  the  frame  yielding  nutriment  to  those  more 
actively  endowed.  But  the  waste  still  goes  on  in  proportion 
as  action  is  renewed ;  fatigue  again  ensues ;  rest  and  sleep 
are  once  more  indispensable.  The  animal  day  by  day  would 
emaciate,  get  weaker,  and  ultimately  die  of  inanition.  To 
prevent  this,  new  material  must  be  added  to  the  blood  from 
the  outer  world.    This  material  consists  of  food,  drink,  and 
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air ;  and  to  impel  the  animal  to  seek  them,  the  special  feelings 
of  hunger  and  thirst  arise  within  it.  Besides  this,  during  the 
•waste  of  the  active  tissues  in  the  proper  animal  functions, 
the  products  of  the  decomposition  of  the  wasted  substance 
of  the  muscular  and  nervous  systems,  and  of  their  dependen- 
cies, are  drawn  into  the  current  of  the  circulation,  and  render 
the  blood  more  or  less  impure.  Its  impurities,  so  derived, 
must  be  thrown  off;  otherwise  life  would  be  extinguished, 
not  by  inanition,  but  by  an  act  of  self-poisoning,  either  slow 
or  rapid,  according  to  the  nature  and  quantity  of  the  impurity 
so  retained  in  the  circulating  fluid. 

Hence  to  maintain  the  balance  between  the  necessary  waste 
and  renovation  of  the  body,  to  preserve  the  purity  of  the 
blood  and  the  integrity  of  the  animal  organs,  and  so  render 
possible  the  due  exercise  of  the  proper  animal  functions,  cer- 
tain other,  and  most  complex,  functions  require  accordingly 
to  be  regularly  performed.  These,  which  form  one  sub- 
division of  the  group  of  vegetative  functions,  are  named  the 
nutritive  functions. 

The  animal,  constrained  to  seek  for  food,  seizes  it  by  prehen- 
sile movements,  and  introduces  it  into  the  interior  of  its  body, 
exercising  thus  the  fimction  of  prehension  of  food.  Such  food 
is,  however,  unfitted,  without  due  preparation,  for  actual 
entrance  into  the  substance  or  tissues  of  the  animal,  and  is 
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^^fmHe  jvict^  wbieh  acts  cliemiciilly  on  cert^ia  poitiona  of  the 
I  tooA^  and  nids  in  its  solution,  j>erfoTiiiing  tJiiis  the  proceflA  of 
chfimijlefttimt.  By  certain  movements  of  the  stojiiach,  ih^ 
eoftenerl  portion  of  the  Ibod,  now  named  the  ch/me^  is  urged 
oniwardfi  inbD  the  ^jnaii  inteitine^  at  the  upper  part  of  which 
it  lieeomes  admixed  with  the  bik  formed  by  the  liv€r,  and  wii^h 
the  paficreatic  juke  yielded  by  the  pancreas.  These  fluida 
cootinue  t!ie  oliemicai  procesaea  of  change  aud  solution  already 
eommeaced.  It  also  is  blended  with  the  so-called  intti^tinal 
juic§.  After  this,  the  pulpy  mixture  is  fitted  for  the  next 
greAt  vegetative  function ,  chai^eteristic  of  all  organised  bodies, 
vix,  the  ftmetion  af  itbsf.trpt{oUf  by  means  of  which,  the  fluid 
and  diasolved  parts  of  the  food  and  drink  at  length  enter  into 
the  substance  of  the  living  animal,  and  ultimately  gain  access 
to  the  blood.  Tliis  absorptive  proce^  b  accompliaJied,  fwirtly 
by  means  of  the  hhodt^esi^eis  of  the  stomach  and  small  inteeiiue, 
K  and  ymrtly  by  the  agency  of  the  special  uhsfjrhent  vcsmU  known 
^f  as  the  larttuh^  These,  after  passing  through  the  absorbent 
~  glamhf  which  elaborate  the  fluid  conveyed  through  them,  at 
htat  end  in  the  chief  absorbent  tnmk,  named  the  thtvack  dtit^f^ 
which  then  pours  its  contents  into  the  great  veins  at  the  root 
of  the  neck.  The  part  of  the  dissolved  nutrient  matters  which 
enters  the  absorbents  of  the  small  intestine  consittts  of  an 
opaque  white  Jlutdy  called  the  chi/U ;  and  the  formation  of  this 
fluid  is  termed  the  process  of  chylification.  In  this  way,  partly 
directly  and  partly  indirectly,  the  nutrient  substances  of  the 
food,  dissolved  and  modified  by  the  digestive  processes,  enter 
the  bloodvessels,  and  renew  the  materials  of  the  blood.  The 
unabsorbed  residue  of  the  food  and  digestive  juices,  gradually 
passes  from  the  small  into  the  large  intestine^  in  which,  by  a 
sort  of  secondary^  or  contimted  digestive  process,  any  remaining 
nutritive  matter  is  almost  entirely  taken  up  from  it.  The  final 
residue,  including  certain  products  of  decomposition,  and  other 
substances  thrown  off  from  the  system  by  the  liver  and  the 
lining  membrane  of  the  intestines,  forms  the  sohd  excreta  or 
egesta,  which  are  removed  from  the  body  by  the  process  of 
defcecation. 

The  blood,  thus  nourished  by  what  is  termed  the  primary 
process  of  assimilation,  is  conveyed  through  every  part  of  the 
body,  by  means  of  the  heart,  the  arteries,  the  capillaries,  and 
the  veins.  It  is  propelled  from  the  heart  through  the  arteries, 
passes  from  them  into  the  capillaries,  and  returns  thence  to  the 
heart  through  the  veins.     Thus  the  function  of  circulation  is 
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peiformed,  the  parts  just  named  constituting  its  oi^ans.  In  the 
higher  animals,  and,  in  man,  the  circulation  is  double,  or  con- 
sists of  two  circular  currents,  each  proceeding  from  the  heart, 
and  returning  to  that  organ  again ;  one,  passing  through  the 
body,  is  named  the  systemic,  the  other,  through  the  lungs, 
the  pulmonary  circulation.  In  the  former,  a  puie  or  arterial 
blood  proceeds  from  the  heart,  whilst  an  impure  or  venous 
blood  returns  to  it ;  in  the  latter,  the  blood  issuing  from  the  heart 
is  venous  or  impure,  whilst  it  returns  arterialised  or  pure. 

We  have  now  arrived  at  the  point  at  which  the  waste  of 
the  organs  concerned  in  the  animal  functions  of  sensation, 
mental  action,  and  motion,  may  be  repaired  by  the  great  and 
common  function  of  nutrition  proper^  nutritive  secretion,  or 
secondary  assimilation.  To  accomplish  this,  new  materials  in 
a  dissolved  state,  derived  from  the  blood,  percolate  through 
the  tine  walls  of  the  capillary  vessels,  and  constitute  what  is 
called  the  nutritive  plasma.  From  this  common  transparent 
colourless  fluid  plasma,  which  moistens  every  tissue  of  the 
body,  the  elementary  tissues  of  each  organ  appropriate,  by 
their  assimilative  property,  such  materials  as  are  needed  for 
their  renovation,  or  the  restoration  of  their  wasted  molecides  ; 
and,  under  the  influence  of  their  plastic  property,  deposit  the 
new  material,  molecule  by  molecule,  in  the  place  of  the  dis- 
integrated or  wasted  substance,  so  as  to  preserve,  unchanged. 
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fmh^orptmn^  which  L^  performed  jy in  tijbj  tbecapiJlariesand  the 
lymphatics 

Butf  beaiile^^  aJl  lb  la,  there  is  includeil  in  the  mjtritiVG 
iiJOCLion,  the  cotiveyatice  of  a  sso-culled  stimtilniinfj  aiilmtunct 
to  those  two  remarkiible  tissues  of  the  animal  hody,  the  mus- 
ciiJax  and  the  nervoiis  tissues,  both  of  which  require^  for  the  per- 
formance of  their  proper  iiinctioni,  not  only  new  material  to 
replace  thnt  which  is  destroyed  or  disintegrated  by  use,  but  like* 
wise  the  preaence  of  arterial  bloody  for  tiie  maintenance  of  their 
peculiar  vital  endowments:  such  bh>od  operates  chieliy  by  virtue 
of  the  hirge  quantity  of  uxygen  which  it  cozitaina.  In  supplying 
the  requiiiite  materials  for  the  nutrition  and  »timulation  of  tlie 
tissues,  all  of  which  have  thtnr  characteristic  chemical  compo.si- 
tion^  in  reeeiving  back  the  residual  nutrient  substance,  iind  in 
furnishing  the  materials  fur  anoilier  important  nutritive  ftinc- 
tion,  nauied  secfetton^  to  be  presently  described^  the  blood  itself 
becomes  not  only  exhausted  aa  regards  the  quantity  erf*  its 
ingredients,  but  neceasiirily  modified  as  regards  their  quality ; 
and  hence  certain  special  elaborative  proces.*es  are  continually 
going  on,  for  the  purpose  of  securing  its  own  nutrition ;  these 
constitiite  the  function  of  sanguification.  This  is  accomplished 
partly  by  the  absorption  of  new  matter  entering  through  the 
lactiCaLs  and  the  absorbent  glands,  already  mentioned,  and  also 
it  is  believed  by  the  agency  of  certain  organs  named  vascular 
glands  or  blood  glands,  such  as  the  spleen^  the  supra-renal 
bodieSy  the  thyroid  body,  and  the  thymus  gland^  and  the  so- 
called  Peyer's  glands  and  solitary  glands  of  the  intestinal  canal, 
all  of  which  appear  to  assist  in  the  elaboration  of  special 
materials  for  the  blood. 

We  hare  seen  that  in  order  to  render  the  nutrient  sub- 
stances contained  in  the  food  soluble,  and  fitted  for  absorption, 
certain  animal  fluids  or  jiuces  are  employed  in  the  process  of 
digestion,  such  as  saliva,  gastric  juice,  bile,  pancreatic  fluid, 
and  the  intestinal  juice.  These  special  fluids  require  each  a 
special  organ  in  the  body  for  its  preparation,  named  a  gland. 
Moreover  they  are  prepared  within  these  gknds,  from  the 
fluid  plasma  of  the  blood  poured  out  through  the  coats  of  the 
capillaries.  The  general  process  by  which  they  are  thus 
separated  from  the  blood,  is  known  as  secretion,  and  the  glands 
are  called  secreting  glands.  The  process  of  secretion  is  closely 
allied  to  that  of  nutrition ;  in  the  former,  the  fluid  material 
elaborated  from  the  blood,  escapes  on  to  the  external  or  internal 
surfaces  of  the  body;  whilst  in  the  latter  it  is  retained  within 
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the  body  in  the  more  8oh*d  form  of  tissue.  Besides  those  just 
mentioned  as  associated  with  the  alimentary  canal,  other  glands, 
such  as  the  lachrymal  and  mammary  glands,  exist,  the  secre- 
tions of  which  fulfil  special  offices  in  the  economy.  In  ad- 
dition to  the  continued  alteration  of  the  blood  produced  by 
its  subservience  to  so  great  a  variety  of  nutritive  processes, 
by  the  loss  of  stimulating  material  conveyed  to  the  mus- 
cular and  nervous  tissues,  by  the  varied  process  of  secretion, 
and  by  the  operations  connected  with  nutritive  absorption 
and  sanguification,  tlie  blood,  as  we  have  seen,  is  made  the 
vehicle  tor  the  reception  of  the  waste  material  of  the  disinte- 
grated tissues,  which,  dissolved  in  the  residual  plasma  exuded 
amongst  their  tdtimate  structural  elements,  is,  at  least  in  part, 
reabsorbed  into  the  circulating  current.  These  effete  matters, 
if  permitted  to  accumulate  in  the  blood,  poison  it,  and  render 
it  unfit  for  the  stimulation  of  the  nervous  and  muscular  tissues, 
for  the  proper  nutrition  of  the  tissues  generally,  and  for  the 
piu*poses  of  healthy  secretion.  Accordingly,  another  function 
is  added  to  the  nutritive  vegetative  functions  of  the  animal  eco- 
nomy, named  excretion,  by  means  of  which  the  blood  is  enabled 
to  get  rid  of  these  effete  materials  through  the  action  of  certain 
emunctory  organs,  named  the  excreting  glands,  of  which  the 
chief  are  the  kidneys,  the  cutaneous  sweat  glands,  and  the 
Itiiiijs.    Tlie  liviT  arul  the  int6stiiml  mucoiis  niembranei  more- 


cMuix.  rum  or  nt  MmmmwmomnB.      its 


^dii  pKNSMt  of  breidihiiig  is  one  wUdi  k  sartnoalhr  maaifafeei, 
Vhe  aniiiial  under  ohti^rytLtkm,  laddedy  k  aeen  to  Weadie ;  tibe 
of  in  tiKwaz  expand  and  oontiael^  «id  it  ahenuitdjr 
I  in  and  expels  air  fitmi  tibe  interior  of  its  fiame.  The 
iters  llnowh  the  nostriU^  and  alao  somethnes  through 
itmtWMmikj  into  lae  ^roat  or  pharynx^  and  thenoe  tteoagh  m 
,  wmdp^  and  its  sabdiyidons  into  the  lunffs^  ana  thai 


illis^l^  expelled  from  those  organs  tiaoQgfa  the  same  air^ 
The  former  act  is  oaUed  tfumraHtm^  the  hitter 
The  air  whioh  eseapes  6om  tlie  lungs  has  not  the 
SMae  chemical  composition  as  whea  it  entered  them;  for, 
iriAfai  t^Me  orgsnsi  it  comes  into  retj  near  pvoximify  wUli 
Ae  Mood  in  the  capiUaries  of  that  part  of  the  dzcnfaUsicii 


._^  as  before  mentioned,  t^  pnlnuxnaij  circulation ;  and 
>  «tt  important  interchange  cf  certain  gases  takes  phu)% 
thwngh  the  coats  of  the  pnlaumaxy  capilkoies^  betwttti  As 
Hood  and  the  inspired  air.  The  air  receives,  bemdesmoistare» 
«  eetlain  qnantitjr  otcarbame  addj  an  excreted  product  fiom 
Ae  impure  or  venous  blood.  Thus  the  lungs  become  im- 
portant excretory  organs,  so  important  that  the  arrest  of 
respiration  is  speedily  followed  by  death.  But  more  than  this, 
the  inspired  air  imparts  to  the  blood  alike  quantity  of  oxygen, 
which  converts  the  venous  or  impure  blood,  brought  from  the 
body  through  the  systemic  circulation  to  the  heart  and  thence 
propelled  through  the  pulmonary  circulation  to  the  lungs,  into 
pure  or  arterial  blood,  which  goes  back  to  the  heart,  and  is 
thence  again  propelled  into  the  systemic  vessels  of  the  whole 
body.  The  air  taken  into  the  lungs  is  therefore  the  source  of 
the  oxygen  of  the  arterial  blood,  which  nourishes  the  whole 
frame,  and  especially  stimulates  the  muscular  and  nervous 
tissues,  and  so  maintains  the  proper  animal  functions.  This 
oxygen  moreover  is  the  main  agent,  as  it  would  seem,  in  the 
disint^ration  of  those  two  tissues ;  and  the  chemical  changes 
effected  by  its  union  with  their  molecules,  are  intimately 
associated  with  the  exercise  of  their  special  properties  of  con-, 
tractility  and  excitability — so  much  so,  that  these  properties 
cannot  be  manifested  without  chemical  change  or  oxidation. 
The  chemical  work  thus  performed  is  probably,  as  we  shall 
see,  truly  correlated  with  the  motor  or  mechanical  work,  i.  e. 
with  the  contractile  power  of  the  muscles,  and  also  with  the 
more  recondite  nervous  action ;  partly  also,  it  is  transformed 
into  animal  electricity  in  these  two  tissues;  and  lastly,  the 
oxygen  of  the  air,  in  producing  these  chemical  changes  within 
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the  body,  all  more  or  less  stages  of  oxidation,  likewise  pro- 
duces, as  in  cases  of  ordinary  combustion,  an  elevation  of 
temperature  in  the  animal  frame.  Respiration  is  therefore  the 
functional  source  of  animal  heat,  an  important  use  of  this 
function  in  the  economy,  being  to  produce  such  heat.  In  the 
warm-blooded  animals,  however,  the  oxidation  of  the  tissues 
only,  is  insufficient  to  produce  an  amount  of  heat  adequate  to 
maintain  the  other  functions  of  their  economy,  whether  animal 
or  vegetative;  and  hence,  such  animals  take  in  their  food 
certain  additional  materials,  besides  those  used  for  the  nutrition 
of  the  tissues— materials  which  merely  enter  the  blood,  and 
therein  become  oxidated  or  burnt,  for  the  purpose  of  producing 
the  required  additional  amount  of  heat.  Unless  therefore,  the 
animal  here  supposed  to  be  under  observation,  be  supplied  with 
fat  as  well  as  flesh,  its  activity  is  lessened,  its  health  is  impaired, 
and  its  body  seriously  emaciated. 

The  entire  series  of  vegetative  functions,  which  we  have 
now  examined,  viz.  digestion,  absorption,  circidation,  nutrition, 
sanguification,  secretion,  excretion,  and  respiration,  are  named, 
as  we  have  seen,  the  nutritive  vegetative  functions y  because  they 
are  concerned  especially  in  the  maintenance  and  support  of 
the  body  of  the  individual  animal.  They  supply  the  large 
and  CDHBtant  wants  of  the  proper  animal  organs  of  motion  and 
sensation,  but  their  healthy  performance  demands  that  tlieir 
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extinction  of  mce,  T»rliidi  woidd  otherwise  follow  such  limita- 
tion^ provision  is  made  fur  the  continuance  of  tlje  species. 
Hence  in  both  plantv^  lind  animals,  an  additional  vegetative 
function  iH  met  with,  hj  means  of  vrhicb,  through  the  evolntioii 
»nd  development  of  g«^rmB,  gemmuleH^  or  ov%  new  individuala 
Are  aiicceaaively  formed  from  previously  existing  parent*^,  gene- 
nation  after  generntion.  This,  the  last  function  we  have  to 
mention,  is  the  rtp^^ductivt  vegttutivt  functmn^  in  which  are 
included  the  phenomena  uf  thvehprnertt  and  growth. 

The  following  Table  will  serve  not  only  to  give  a  generftl 
riew  of  the  difierent  functions,  biit  also  to  indicate  the  order 
in  whidi  tliey  are  hereafter  described. 

The  Fttnefions  qf  Lidn^  Animsth. 
r  Motion. 

AaruiAX.  ^^piictiok^  <  S^nsariou,   i^iyfulfttion    of   movemeiit,    and    Lh* 
1^     higgler  ptjehicfli  function i. 

VvaKTATivs  I^arcnoNs: — 

Maaticatiotip 

lusjilivation, 

DeglutitioH, 

Bigtstmn  proppr,  or  Chymii5cfttjf>ti, 
Absorption ;  ChjlificatioiL 
Nitiriiitye  ,      .  \  Circulation. 

Nntrition  Hud  Kepttration. 
Brtngarficiitioo. 

S^'Fi'tioD, 

Eicretion. 

Rcppinttion;   Prodaction   of  Heat,  Mot  ion  ^  and 
U     EJeetricit/, 

T>       J  ^'         /Generation. 
Reproductive  .  "^^  Development  and  Growth. 
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RELATIONS  OF  MAN  WITH  EXTERNAL  NATURE. 


In  the  preceding  pages,  man^s  relations  with  both  inorganic,  and 
organic  or  organised,  bodies,  whether  vegetable  or  animal,  have 
been  fully  illustrated.  With  the  inorganic  kingdom  of  nature, 
man  is  related,  as  we  have  seen,  both  in  regard  to  the  matter 
which  composes,  and  to  the  forces  which  operate  within,  his 
frame.  As  regards  the  vegetable  and  animal  kingdoms,  he  is 
related  not  only  materially,  as  implied  by  his  dependence 
upon  them  for  food,  clothing,  and  protection,  but  with  animals, 
at  least,  he  is  both  socially  and  morally  connected,  as  indicated 
by  the  employment  of  those  creatures  for  his  use,  and  by  the 
ties  established  between  himself  and  them  in  their  domesticated 
condition. 

To  the  physiologist,  however,  there  are  other  and  nearer 
relations  of  special  interest,  viz.  zoological  relations,  as  between 
man  and  animals  only;   hiol^gical  relation^  as  between  man 
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aceording  to  which,  the  modem  physiologist,  ftDowing  tiie 
example  of  the  anatomist  in  r^oard  to  stmetaie,  endeavoars 
to  trace  a  given  function  throng  its  Tsrioiis  dcgiees  of  com- 
pleidfr^,  down  to  its  simplest,  and  therefore  most  essential  ex- 
pgession^  Thus  it  is,  he  follows  the  Tarions  sensory  endow- 
ments of  man  and  the  higher  animals,  as  exhibited  in  the 
phenomena  of  the  special  senses,  downwards  through  the 
animal  scale,  obsenres  them  becoming  fewer  and  ampler,  and 
ml  last  finds,  in  some  lowly  organised  animal,  common  sensa- 
tion alone  present,  and  thus  axriTes  at  the  simplest  expresnon 
of  sensLbUity,  via.  mere  nervous  excitability;  in  odier  words, 
he  traces  the  qiedalised  functions  of  an  organ  graoually  down- 
wards^ till  it  is  reduced  merely  to  the  vital  property  of  a  tissue. 
So  again,  tracing  downwards  the  function  of  absorption,  he 
wpetmSj  meets  with  animals  destitute  of  i^>ecial  lymphatic  or 
keteal  vessels,  and  in  which,  therefore,  vascular  aiMorption 
and  circulation  are  functions  performed  by  the  same  set  of 
Tessela.  In  like  manner,  the  Amotion  of  cireulation  itself  be- 
comes more  and  more  simplified,  and  finally  disappears  in 
animals  which  are  destitute  of  vessels  containing  a  common 
nutritive  fluid.  If  he  turns  to  digestion,  he  discovers  some 
animals  destitute  cf  digestive  glands,  others  possessing  no 
distinct  alimentary  canal  separate  from  the  general  cavity  of 
their  body;  and  lastly,  others  which  are  even  destitute  of  a 
body-cavity.  In  the  last  case,  nutrition  is  accomplished  by  the 
direct  application  of  the  surface  of  the  animal  to  its  food,  and 
by  the  simple  process  of  direct  absorption  into  its  substance. 
Viewed  in  this  manner,  the  function  of  digestion  is  seen  to  be 
reduced  to  the  phenomena  of  solution  and  absorption  ;  whilst, 
together  with  absorption,  sanguification  and  circulation,  which 
are  subsidiary  functions,  it  resolves  itself  into  one  common 
function,  viz.  nutrition.  This,  indeed,  is  the  simplest  expression 
of  all  the  nutritive  functions,  and  is  fundamentally  represented 
by  the  conjoined  assimilative  and  plastic  vital  property  of  the 
simplest  organised  tissue,  or  the  simplest  form  of  independent 
animal  life.  Lastly,  if  we  trace  back  the  secretive  function, 
we  find  that  a  complex  organ,  like  the  liver  of  man  and  the 
higher  animals,  is,  in  the  lower  ones,  represented  by  a  cluster  of 
follicles,  by  a  single  follicle,  or  by  a  group  of  nucleated  cells 
upon  the  surface  of  a  membrane ;  and  hence  we  perceive  that  the 
essential  character  of  the  function  of  secretion,  consists  in  a 
modification  of  the  same  common  property  of  nutrition,  which 
is  named  nutritive  secretion ;  and  so  on  of  other  functions. 


120        RELATIONS  OF  HAN  WITH  EXTERNAL  NATtTRE. 

To  trace  these  points  of  comparison,  both  of  stmctare  and  of 
function,  between  man  and  animals,  frequent  reference  will  have 
hereafter  to  be  made  to  facts  and  details,  which  will  be  easier  of 
comprehension,  if  we  first  take  a  general  view  of  the  animal 
kingdom.  Motives  of  utility,  and  want  of  space,  necessitata 
the  selection  and  employment  of  one  system  of  classification 
only  ;  and  preference  is  here  given  to  the  arrangement  proposed 
by  ProfcHsor  Huxley  in  his  Elements  of  Comparative  Ana- 
tomy, which,  besides  containing  original  suggestions,  incor- 
porates the  improvements  of  the  modem  German  school. 

*   Outlines  of  the  Animal  Kingdom. 

The  dependence  of  the  classification  of  animals  on  their  internal 
structure  is  fully  illustrated  in  the  Cuvierian  system,  which  forms  the 
foundation  of  all  modem  arrangements ;  it  has,  however,  undergone  modi- 
fication, through  the  further  application  of  the  anatomies  method, 
and  more  extended  inquiries  into  the  structure  of  many  of  the  lower 
animals,  which  from  want  of  means  or  of  opportunity  of  investigation, 
were  but  imperfectly  known  to  Cuvier.  In  his  great  contribution  to  com- 
parative anatomy  and  zoology  {Le  Hkfne  Animal)  he  divided  the  entire 
animal  kingdom  into  four  subdivisions,  named  subkinadoms.  These 
Bubkingdoms  were  composed  of  nineteen  primary  subdivisions  named 
classeSf  which  were  further  broken  up  into  seventy-seven  orderSf  and 
these  again  into  further  groups,  ultimately  separated  into  genera  and 
sTpeciee. 

Cuvierian  Arrangement. 
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^H  The  precediDf  table  in  m  arranged  nn  t4>  %htw  at  n  gknee  tlie  fbtir 
CuTii*Tiivn  fubkingdoms  and  their  re^ppptiye  cUmsi^,  The  Ejidkt<?  s-ah- 
kin^loni  is  now  flCAttert'd,  Aa  reganlH  fb^  cksses.  the  iiatiit^s  printed  in 
italics,  indictitjij  tho«**  whieh  havp  beeii  siiic*«j  subjected  tf»  vjirious 
degrees  of  chaage,  either  baring  received  nddhlon^,  been  brdkcntip  into 

^^    dislinct  dHtiS*>H.  tmiv&fprrf-d  to  otbcra  itlremly  txisriwif.  or  even  phti^ed  m. 

Hw  primvy  diTimoiui  at  rabkiiigdoiiiB  of  OnTier,  an  sol  Ibonded  ob 
mtj  0B«  OQnuDMni  principle,  but  ewSh  is  Iwsed  upon  ft  Momte  mode  eC 
diitiiiiitian  or  definidoiL  '  Thus  the  Vertebfiste  eiibldiigaoiii,  indvdiiig^ 
ms  seen  aljove,  \\n-  elates  of  MMnmale,  Birdii,  Bcpfeflee,  andFidiee,  has 
fur  ittf  bu»is,  a.  poiut  of  inteinal  rtrocfcure,  Tis.  the  poMaeaion  of  « 
•  T^rtebml  eolunm  or  l>iick-bone,  fomusff  the  ftmdamental  part  of  the 
intefDftl  skelHon.  The  aabkingdom  lioUitioa  eontatna  the  daaaea 
C^plmtopoda.  illustinted  by  the  enttle-fiahea  and  nantiliia;  Pteiopoda» 
'•«r  a^~butt^rflie#t,  marine  aaiiiiala,  xepreeented  hj  th»  elio  and  othera; 
iOd^teropoda,  efjnf iMting  of  snails,  ungs,  whelka,  periirlnldeB,  limpeta^ 
and  othttr  miiritie  aQlmals  Irith  univalved  ahella,  aa  well  aa  mmieioiia 
;.«es-iluga  and  other  allied  shidl-lesa  apeciea;  the  elaaa  Acephala,  or 
Awdlvee  tnoUusoF,  iitdtiding  the  Teatiawnia  l^ralined  ojstefa,  mnaaela, 
KAlee,  eeaUopH,  and  others,  with  the  ^o-eaUed  atmple  and  compoiiod 
^nnif^t^^!  m  ari  tif^  an  i  mala ;  fhe  Braehiopodsy  ftlso  biTalTednuurineanimalB ; 
»iid  iTk^^tly,  ihe  CirThqv^dj  or  barnacles.  The  Hollosca  are  ao  named 
from  an  external  general  character  which  is  common  to  them  all,  though 
less  marked  in  the  barnacles,  viz.  a  soft  fleshy  kind  of  body.  The  Articu- 
late subkingdom,  comprehends  Insecta,  with  the  myriopods,  or  centipedes 
•and  millipedes ;  Arachnida,  or  spiders ;  Crustacea,  including  crabs,  lobsters, 
shrimps,  and  many  smaller  crustaceans ;  and  all  the  Annelida,  such  as 
worms  and  leeches.  It  is  based  also  on  a  general  external  character,  viz. 
the  more  or  less  jointed  or  divided  form  of  the  body,  and  limbs,  where 
these  exist  Lastly,  the  Radiate  subkingdom  is  founded  also  on  an 
external  character,  derived  from  the  general  radiated  form  of  the  body, 
or  of  the  appenda^s  situated  around  the  mouth,  or  oral  aperture,  of  the 
bodv-cavity :  it  includes  the  Star-fishes,  the  Intestinal  Worms,  the 
Hedusse  or  sea-nettles,  the  various  Polyp-shaped  animals,  such  as  the 
sea-anemones,  the  gelatinous  polyps  resembling  the  little  fresh-watep 
hydra,  and  also  the  coral -forming  polyps ;  and  finally  the  class  of 
Infusorial  animalcules,  including  the  Rotiferous  or  wheel  animalcules. 

The  definitions  of  the  classes  were  for  the  most  part,  and,  indeed, 
always  so  far  as  bis  knowledge  extended,  founded  by  Cuvicr,  on  anatomical 
characters.  Imperfect  knowledge  led  him,  however,  to  an  imperfect 
separation  or  grouping  of  these  in  certain  instances.  The  results  of 
modem  investigations  are  embodied  in  the  following  table  of  the  sub- 
kingdoms  and  classes,  which  exhibits  the  classification  adopted  by 
Huxley,  with  the  single  exception  of  placing  the  Infusoria  as  a  class 
amongst  the  Protozoa,  instead  of  ranking  them  as  a  more  important 
independent  group.  The  subkingdoms,  seven  in  number,  and  the 
classes,  twenty-six  in  number,  are  arranged  on  a  similar  plan  to  that 
already  adopted  in  regard  to  the  Cuvierian  system,  so  that  the  two  may 
be  readily  compared. 
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1.  VERTEBRATA 

Aves 

Reptilia 

Amphibia 

Pisces 

2.  MOLLUSCA                                     4. 

ANNULOSA 

Cephalopoda 

Pteropoda 

Pulmogasteropoda 

BraDchiogasteropoda 

Lamellibranchiata 

Insecta 

Myriopoda 

Arachnida 

Crustacea 

Aunelida 

3.  MOLLUSCOIDA                               6. 

ANNULOIDA 

Ascidioida 

Brachiopoda 

Polyzoa 

Scolecida 
Echinodermata 

6.  CCELENTERATA 

Actinozoa 

Hydrozoa 

7.  PROTOZOA 

Infusoria 

Spongida 

Rhizopoda 

Gregarin^da 

In  eipUining  thfl  adTauce  cf  xoologieal  knowlc^dg^i  aa  exhibit^Kf  in 
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Inftworia,  to  fonn  a  dan  iiaiiied8eolffeida>  placed  nest  below  tbatriie 
wonm  or  Annelida.  The  Aealepba-  are  maoe  to  form  part  of  the  neir 
ebae  Hjdroaoa.  The  Folyni  an  qdit  np  and  sepanted  in  three 
dizectione ;  the  order  of  coralline  pcma  ibnn  the  daM  Polyioa  (eome- 
timce  named  the  Biyoaoa) ;  the  order  Actinia  or  eea-anemonee  beoomea 
the  daea  Actinoaoa ;  whilst  the  order  of  gelatinons  polype^  i«preeented 
hj  the  hydm,  is  united  with  the  Acalepha  in  the  elaae  Hydroaoa. 
liaaUj,  of  tiie  Inftuoria  of  Cuvier,  one  order,  the  Botifnm,  paseea 
npwaxds  to  join,  as  already  mentiimed,  the  Sodledda ;  whilst  the  others 
Ibnn  the  preeent  InAisoria,  after  discarding  certain  algaceons  vegetable 
oip;anisms ;  finaUv,  certain  remaining  low! j  organised  animal  bodies  con- 
atitnte  the  new  classes  Spongida,  Bhiaopoda,  and  Gregarinida. 

Such  being  the  modifications  in  those  careftilly  defied  gronps  which 
cmistitate  the  classes  of  the  animal  kingdom,  we  maj  now  direct  atten- 
tion to  the  resnlting  changes  in  the  lai;^  groups  or  wbkingdomB,  Tho 
Vertebrate  snbkingdom  remains  intact.  The  MoUosca  of  Cntier, 
diminished  bj  the  Cizrhopods,  idiich  pass  into  the  Cmstacea  of  another 
aobkin^dom,  and  increased  by  the  Polysoa,  the  radiate  coralline  polyp* 
of  CvTier,  present  the  same  general  limits  as  the  two  snbkingdimis, 
KoUnsca  and  Mollnscoida»  of  uie  new  arrangement,  the  line  of  partition 
between  theee  latter  being  drawn  between  the  Lamellibranduata  and 
Asddioida,  L  e.  through  the  centre  of  the  Acrahalons  Molluscs  of  CuTier. 
The  Articulate  subkii^om  of  the  French  zoologist  remains  undiyided,  aa 
the  Annulosa,  reinforced  only  by  the  Cirrhopods,  which,  as  lust  stated, 
are  now  included  in  the  Crustacea.  The  Kadiate  subkiogdom,  corre- 
sponding, it  may  be  remarked,  with  the  so-called  Zoophytes  of  many 
writers,  disappears ;  for  its  classes  are  completely  broken  up  and  dis- 
tributed into  other  or  new  subkingdoms.  Thus,  the  coralline  polyps 
are  transferred  to  the  new  subkingdom  Molluscoida,  and  form  the 
lowest  Molluscoid  class.  The  new  subkingdom  Annuloida  includes  the 
Echinodermata,  with  the  Intestina  and  rotiferous  order  of  the  Infusoria, 
the  two  latter  being  joined  under  the  name  Scolecida.  The  new  sub- 
kingdom,  named  Coelenterata,  comprehends  a  second  group  of  the 
polypi,  namely,  the  Actinia,  under  the  title  Actinozoa,  and  also  the 
gelatinous  polypi,  which,  with  the  Acalepha,  form  the  Hydrozoa. 
Lastly,  the  new  subkingdom  Protozoa  includes  the  Infusoria,  with  the 
exception  of  the  Rotifera,  which  ascend  to  the  Annuloid  subkingdom, 
and  also  the  three  lowest  new  classes,  the  Spongida,  Bhizopoda,  and 
Gregannida. 

The  preceding  changes  are  due  to  the  labours  of  many  zoologists. 
Thus,  Cams  suggested  the  term  Protozoa,  whilst  Von  Siebold  and  his  fol- 
lowers separat^that  group  into  a  distinct  subkingdom.  The  Coelenterate 
subkingdom  and  its  limits  were  suggested  and  defined  by  Frey  and 
Leuckart.  The  Mollusooid  and  Annuloid  subkingdoms  owe  their  origin 
to  Milne-Edwards  and  Huxley,  the  coralline  polyps,  or  Polyzoa, 
especially,  having  been  placed  in  their  new  position  owing  to  the 
researches  of  the  former  naturalist.  The  Cirrnopods  were  long  since 
transferred  to  the  Crustacea  by  Grant ;  and  the  Intestina  have,  by  many 
authors,  been  removed  to  the  neighbourhood  of  the  true  worms.  With 
regard  to  the  worms,  some  zoologists,  as,  e.  g.,  Gegenbaucr,  have  even 
placed  them  in  a  distinct  subkingdom  named  Vermes ;  whilst  the 
Echinodermata  have  also  received  similar  treatment.  Even  the  Infusoria, 
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as  already  mentioned,  have  been  separated  from  the  other  Protozoa 
as  if  forming  a  group  of  higher  importance  than  a  mere  class  (Huxley); 
The  general  relations  between  the  subkingdom*  of  the  Cuvierian  and  of 
the  modified  arrangement  here  adopted  may  be  expressed  by  the  follow- 
ing schemes : — 

Cuvierian  Arrangement, 

VBBTBBaATA. 

MoLLUscA.     ;■  ;.  Abticulata. 

Hapiata. 

Modern  Arrangement. 

Vebtbbrata. 

MoLLrscA Aknttlosa 

MoLLUSCOIDAr....  AnIOJLOIDA. 

"•••....         Cgexentbrata 
Fbotozoa. 

General  Characters  of  the  Suhhingdoms, 

Vertehrata.  The  vertebrate  animals  are  distinguished  by  the  posses- 
sion of  an  internal  skeleton,  the  central  part  of  which,  the  back-bone, 
forms  a  IfniRituciiTiiil  I y  rjr  l>^i^tilJ^eiTtll^Jisu.\i^,  itsiiiilly  divitl»<l  ijif"  t^>g- 
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eomed  with  other  hard  material  fomed  from  the  moeoiis  membmne  of 
the  month ;  they  constitate  pazts  of  the  external  ikeleton.  The  ali- 
mentarj  canal,  beaidea  poMesaing  a  diatinet  stonuush,  saHraiT  g}and% 
and  lirer,  iaalso  poridedwith  a  panereaa.  Special  abaorbent  orfjmphatie 
Tgaaela  exiat,  encung  in  a  trae  blood-tyatem  of  Teatela,  and  containing  a 
fluid  in  which  colonrleaa  oorpoadea  are  preaent;  the  abaorbenta  pro- 
ceeding from  the  alimentary  <ana],  conrey  chyle,  and  are  named  kcteala. 
The  circulating  aystem  is  highly  dcTeloped,  conaiatin^  of  aheartdiyided 
into  two,  three,  or  four  cavitiee,  connected  with  distinct  arteriea,  capil* 
larica,  and  Teina,  and  containing  blood  provided  with  both  white  and  red 
erapttadea:  a  portal  system  ofTems,tran8mittingbloodfromthealimentazy 
canal  to  the  liver,  ia  also  peculiar  to  the  Yertebrata.  In  the  loweat  yerte- 
brate  animal  known,  via.  the  Amphioxns  or  lancelet,  an  exception  ia  found 
in  regard  to  the  blood  and  the  heart,  the  blood  containing  onljr  colourlesa 
corpnadea,  and,  in  place  of  a  idnffle  heart,  numeroua  contractile  saca  are 
finuid  in  the  course  of  the  chief  bloodvessela.  One  at  least  of  the  ao- 
ealled  Taacular  glands,  viz.  the  spleen,  is  always  present  in  the  Yer- 
tebrata. The  law  of  bilateral  symmetry  preraila  in  a  moat  perfect 
manner,  in  the  animal  orsana  of  locomotion  and  aenaation ;  the  oiffana 
of  the  aenaea  are  also  double,  excepting  in  .  the  caae  of  the  amdb 
olfrMTtory  organ  of  the  Amphioxus.  Some  of  the  Yertebrata,  viz.  ue 
ICammalia,  Area,  Heptilia,  and  higher  Amphibia,  breathe  by  InUga 
only;  of  the  rest,  a  few  of  the  Amphibia  reapire  by  lunga  and 
gills,  whilst  all  of  the  lowest  class,  Pisces,  breathe  by  gills  alone. 
Certain  distinctive  peculiarities,  derived  from  the  mode  of  development 
of  the  body  of  the  embryo,  and  of  the  so-called  visceral  arches,  belong  to 
this  subkingdom ;  these  will  be  described  in  the  chapter  devoted  to  the 
subject  of  Development. 

The  vertebrate  animals  have  been  variously  subdivided  into  groups, 
larger  and  fewer  in  number  than  the  classes.  Thus,  the  Mammalia  and 
Binls  form  the  to-called  warm-ftfooded  Vertebrata;  whilst  the  Reptiles, 
Amphibia,  and  Fishes  constitute  the  cofd-b/ooded  Vertebrata.  A  more 
scientific  division  requires,  however,  the  recognition  of  the  intimate 
connection  between  the  Birds  and  Reptiles.  It  has  been  pointed  out 
that  the  classes  Mammalia,  Aves,  and  Reptilia  have,  at  no  period 
of  their  existence,  gills  or  organs  intended  for  aquatic  respiration  ;  hence 
they  have  been  grouped  together  as  the  Ahranchiale  Vertebrata ;  whilst 
the  Amphibia  and  Pisces,  always  having  temporary  or  permanent  gills, 
have  been  included  under  a  second  group  of  Branchiate  Vert^jbrata: 
these  two  groups  are  also  distinguished  by  certain  embryonic  characters, 
which  can  only  be  alluded  to  here,  the  former  possessing  the  so-called 
amnion  and  allantois,  whilst  the  latter  is  destitute  of  both  those  struc- 
tures, or  possesses  merely  a  rudimentary  allantois.  By  another  mode  of 
classification  (Huxley),  the  Abrauchiato  classes  of  the  Vertebrata  are 
separated  into  two  groups,  the  one  containing  the  Mammalia,  and  the 
other  the  Birds  and  Reptiles.  The  higher  group,  Mammals,  have  no 
branchite,  but  possess  an  ami. ion  and  allantois:  they  have  two  condyles 
to  the  occipital  bone,  a  well-developed  basi-occipital  bone,  no  parasphe- 
noid  bone,  and  a  simple  lower  jaw  articulated  with  the  squamosal  and  not 
withthe  quadrate  bone ;  they  possess  mammary  glands  and  non-nucleated 
coloured  blood  corpuscles.  The  lower  group,  Sauroids,  comprising  the 
Birds  and  Reptiles,  likewise  have  no  branchiae,  but  possess  an  amnion 
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and  allantois :  they  have  no  ^araaphenoid  bone,  only  a  single  occipital 
condyle,  and  a  complex  lower  jaw  articnlated  to  the  quadrate  bone ;  they 
are  unprovided  with  mammary  glanda,  and  have  nucleated  coloured  blood 
corpuscles.  A  third  distinct  group,  Ichthyoids^  including  the  Amphibia 
and  Fishes,  possess  branchiae  at  some  period  of  their  existence,  have  no 
amnion,  either  no  allantois  or  merely  a  rudimentary  one,  a  parasphenoid 
bone  in  the  skull,  and  nucleated  coloured  blood  corpuscles. 

It  would  be  beyond  the  scope  of  this  work  to  define  the  cUsses  of  the 
animal  kingdom ;  but  the  characters  of  many  of  their  internal  organs 
will  be  given  in  the  subsequent  chapters  on  the  special  functions. 
With  regard  to  the  class  Mammalia,  however,  in  which  man  is  included, 
an  enumeration  of  the  various  orders  of  animals  contained  in  that  class 
is  requisite,  since  frequent  reference  is  made  hereafter  to  the  structure 
of  the  disestive  and  other  organs  in  those  groups.  As  usually  defined, 
these  orders  are  twelve  in  number,  viz.  the  Bimana,  Quadrumana^ 
Camivora,  Cheiroptera,  Insectivora,  Rodentia,  Ruminantia,  Pachyder' 
mata,  Edentata,  Cetacea,  Mareupialia,  and  Monotremata,  The  first  of 
these  orders,  Bimana,  contains  the  g^nus  Homo,  or  Man,  alone,  who  is 
regarded  by  the  highest  zoological  authorities  as  of  one  species,  although 
presenting  many  varieties.  By  Linnaeus,  however,  Man  was  placed, 
together  with  the  so-called  Quadrumana,  the  apes,  baboons,  monkeys,  and 
lemurs,  and  even  the  Bats,  in  a  single  order  named  the  Primates.  The 
above-named  classes  are  grouped  into  three  divisions ;  the  first,  named 
the  Beciduate-plaeental  Mammalia,  includes  the  Bimana,  Quadrumana, 
Camivora,  Cheiroptera,  Insectivora,  and  Rodentia ;  the  second,  called 
the  Non-deciduate-placental  Mammalia,  comprises  the  Ruminantia, 
PachydermatA,  Edentata,  and  Cetacea;  the  third,  named  the  Implacental 
Mammalia,  includes  the  Marsupialia  and  Monotremata. 

MoUusca,    These  animals,  named  from  their  soft  structure  (mollis. 
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ferM$eerai  eaeUy,  and  it  ftmusbed  with  laliniy  g^ds  and  a  UxgAj 
deTfloped  Irrer.  The  hearty  donal  in  Bitoation,  eontaina  two  eaTttiei^ 
and iaeonneeted  with  the  ayatemie  bloodreaaels;  tha  blood  ia  eorpnaenktad 
but  oolmirleea.  Moat  moUnaca  being  aqnatie,  breathe  hj  gilla,  but  aoma 
taneatrial  genera  poeaeaa  puhnonaiy  air^aaca. 

In  the  nig^eat  MoUnaea,  the  cephalopoda  or  eottle-iiahei,  there  ia 
frranently  ftnmd  a  mdimentafyennmm  aopporting  the  eerebral  ganolia, 
anaaometimeaan  internal  hornj  or  cahsareooamaaa  which  maj  be  tuen 
to  lepreaent  an  internal  akeleton. 

The  MollnacooB  claaaea.  Cephalopoda,  Pteropodai  Pnlmogaateropoda, 
and  Branchiogaateropoda,  oonatitnte  a  gipnp  named  Sdimtofkora^ 
beeanaa  they  poflaeea  a  pecoliar  apparatoa  in  the  month,  armed  with 
teeth,  and  mofable,  and  eometimca  railed  a  tongne,  bat  more  appropriate! j 
the  cdomiopkort  ^Hnzl^).  The  remaining  elaee,  iMnembranchii^ 
iom  a  group  deatitnte  of  the  odontophore,  and  characteriaed  br  having 
a  rig)it  and  left  biTalred  ahell  and  two  lamellifonn  gilla  on  ead  aide  A 
thabodj. 

Ia  the  Tariooa  daaaee  of  Mollnsea,  different  parte  of  the  aoft  body  and 
anpendagea,  which  have  reoeiTed  dilENrent  namea,  are  Tarionaly  derebped. 
Moreoirer,  the  alimentazy  canal  fbllowa  each  derekpmenta  of  the  body, 
and  tfana  beoomea  not  only  elongated,  bat  bent ;  aometimea  the  concaTi^ 
of  the  bend  ia  directed  towarde  the  abdominal  or  nnder  aarfiioe,  and,  aa 
the  chief  nervous  motor  ganglia  are  placed  on  that  8id<^,  such  a  bend  ia 
named  a  neural  JUxurr,  as  seen  in  the  Cephalopoda,  Pteropoda,  and 
Palmogasteropoda ;  whilst  sometimes,  the  concavity  is  turned  towards  the 
dorsal  region,  or  in  the  direction  of  the  heart,  and  then  it  is  termed  a 
hamal  flexure,  as  in  the  Branchiogasteropoda :  in  the  Lamellibranchiata 
it  is  at  first  neural,  but  is  afterwards  specially  modified. 

Molluscoida.  The  comparatively  small  subkingdom,  Molluscoida, 
consists  of  animals  which,  as  implied  by  their  name,  have  close  relations 
with  the  MoUusca,  and  were  commonly  classified  with  them ;  but,  as 
suggested  by  Milne-Edwards,  they  may  be  more  conveniently  placed  in  a 
separate  subkingdom,  being  much  simpler  in  their  organisation.  The 
nervous  system  consists  of  a  chief  ganglion  with  a  few  scattered  ganglionic 
masses,  or  of  a  single  ganglion  only.  The  principal  or  single  ganglion, 
as  the  case  may  be,  is  placed  close  to  the  oral  aperture  or  mouth,  some- 
times having  a  ner\'ous  cord  around  the  gullet.  The  alimentary  canal 
is  much  flexed  on  itself,  and  sometimes  is  only  provided  with  one  open- 
ing, viz.  the  mouth.  When  an  outlet  also  is  present,  it  is  placed,  as  a 
rule,  near  the  mouth,  the  chief  ganglion  usually  being  placed  between 
the  two  openings.  A  heart  is  not  always  present,  and  when  it  exists,  ia 
composed  of  but  a  single  cavity.  The  oral  aperture,  except  in  one 
group  (Appendicularia)  is  always  surrounded  with  numerous  tentacleg, 
which  are  ciliaUdt  and  therefore  probably  respiratory,  and  are  arranged 
either  in  a  circle,  or  else  upon  long  arms,  or  upon  a  band  or  ridge  shaped 
like  a  horse-shoe.  Moreover,  the  mouth  opens  not  directly  into  the 
oesophagus,  but  first  into  a  long  and  sometimes  very  wide  chamber  or 
pharynx ;  and  sometimes  other  so-called  atrial  or  respiratory  chambers 
are  met  with.  In  the  Brachiopoda  and  Polyzoa  the  alimentary  canal 
presents  a  neural  fiexure ;  in  the  Ascidioida,  a  hsemal  flexure. 

The  classes  of  the  Molluscoid  subkingdom,  all  of  which  are  aquatic, 
and  mostly  marine,  consist  of  the  Ascidioida,  which  include  the  tonicated 
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marine  animals,  the  Brachiopoda,  and  the  Polyzoa  or  coralline  polyps. 
It  is  in  the  firachiopoda  that  the  alimentary  canal  is  sometimes  destitute 
of  any  outlet,  and  that  the  remarkable  contractile  sacs,  named  pseudo- 
hearts,  exist. 

Annufosa.  This  subkingdom  is  distinguished,  as  its  name  implies, 
by  its  component  animals  having  a  segmented  body,  i  e.  a  body  composed 
of  a  series  of  more  or  less  distinctly  marked  annular  segments,  or  rings, 
named  somites,  joined  one  behind  the  other.  The  body,  therefore,  of  an 
Annulose  animal  is  usually  elongated,  or  belongs  to  the  longitudinal 
type.  Moreover,  the  surface  of  these  segments  is  always  firm,  and 
sometimes  even  horny  or  calcareous,  so  as  to  form  a  dermal  skeleton. 
In  the  higher  classes,  articulated  or  jointed  limbs,  also  composed  of 
external  hardened  integument  with  the  soft  parts  within,  and  arranged 
symmetrically  in  lateral  pairs,  are  met  with.  The  central  parts  of  the 
nervous  system  consist  of  numerous  pairs  of  ganglia  arranged  one  behind 
the  other  in  a  longitudinal  direction,  and  connected  by  longitudinal 
cords.  Usually  each  pair  of  ganglia  is  connected  by  a  transverse  com- 
missural cord;  but  sometimes  they  are  fused  into  a  single  mass,  in 
which  case,  the  double  longitudinal  cords  are  likewise  blended.  The 
first  pair  of  ganglia,  named  supra-cesophageal  or  cerebral,  are  placed 
above  the  gullet,  and  the  cords  which  pass  downwards  and  backwards 
to  the  second  pair  of  ganglia,  named  sub-cBsofhageal,  embrace  the  sides 
of  the  gullet,  which,  therefore,  as  in  the  Mollusca,  is  completely  sur- 
rounded by  nervous  matter,  and  is  accordingly  said  to  pass  through  or 
perforate  the  anterior  part  of  the  nervous  apparatus:  the  remaining 
ganglia,  with  their  longitudinal  connecting  cord  or  cords,  are  placed 
entirely  below  the  alimentary  canal,  i.e.  along  the  under  side  of  the 
body.  In  the  higher  forms,  the  sensory  organs  are  highly  developed, 
and  a  dtstind  CE^nrraHili^  rlnrsiil  vi's.^rl,  H4^jrm<'ntf  <],  jind  pr^mJed  witK 
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doTible  gftsglienated  eopdi  of  their  uerroiis  system.  The  Arthropod* 
are  ftiTther  distinguifthed  bj  thi*  perfect  bilfttei^l  aymnielTy^  not  onlj  of 
th<?  IkxIj  and  the  organs  generally,  butev^^n  of  tfuc-ir  digefttire  aiidfepm- 
dtirtire  stjBt«*m9  :  auo  bjthe  CQiapieK  fttruetiu'e  of  the  head,  aiid  hy  their 
highly  drveJopecl  oig^ras  of  tision  r  tht  heiwi  has  liei  n  sht  wn  to  bi?  cota- 
posetf  of  from  four  to  m%  Etiodjfl«d  onnnli  or  somitchs  (Huxlf-y) ;  the  jawa 
mot^  tnnsv^nAj,  aod  feelers  or  antenDse  always  cxiiit;  ItLgtljp  no  ribmtilc 
cili*  bare  bopo  seen  either  m  the  embpyonie  or  adnlt  eondition  of  anf 
of  the  Arthropods.  On  tJie  oth*?r  hsimd,  the  Aimdida,  inatt^d  of  a  harS 
extpmul  flkiid^toa  and  jointed  Embe,  bavo  a  soft  body  with  simple  ap* 
peiidegei ;  the  hmd  never  cotitaina  even  four  modified  ijOBnitefj  ^Huxley); 
the  otgans  of  K-OBe,  espedally  the  eyes,  are  vtiy  aiiiiple ;  inhere  i»  no 
diftinct  viilTed  dor*a]  v&mvl  eomm^Tnicatiug  with  thti  pepi^aeeral  avTity ; 
most  of  them  possesa,  either  in  th**  iimbrjottic  or  adult  eonditiuT3( 
TibraLile  cilia  od,,  or  in  some  [mrt  of,  their  bodies ;  and,  kstly,  they  ar© 
u^flj  all  providrd  with  pecidiar  79l«eli,  named  pjfeudo-hoftmi,  which 
frBqucntly  contain  &  coiijurtd  coTpnsenklcd  fluid* 

Annvhuia,  Standing  biilow  the  MoOnaca,  we  fouud  simpler  »oft^ 
ddmned  animali  pt^uped  together  under  the  name  MoUuscoida,  as  aug* 
^e«t<d  by  MBue-Edwardfl ;  and  so  b^ow  the  Aunidfja»  art?  arnangedj  by 
HioJej,  under  the  name  AnnuJoida,  which  ia  ant^nd^d  to  show  their 
relatioDs  with  the  hAuu^osbi,  the  cUm  Scoledda,  containiug  ciirtain 
mnrine  worms,  the  entozoa  or  mrasitJc  worma*  tiad  the  rotif<eroti« 
animklciiless  ftud  the  class  Efrhinoderrniita,  or  st4ir* filches.  These  Anmi- 
loid  animals  approadi  the  loweat  Anuulo^a,  i.e,  the  Annelides,  in  the 
worm-like  form  of  the  bodies  of  many  of  them ;  in  the  frequent  presence 
of  cilia,  at  least  in  the  embryo  condition ;  in  the  possession  of  a  peculiar 
set  of  yessels,  named  the  water  vessels^  in  the  Scolecida,  and  the  amndacral 
veuds,  in  the  Echinodermata,  which  may  represent  the  pseudo-haemal 
Tessels  of  the  Annelida.  But  the  Annuloida  are  distinguished  firom  the 
Annidosa  by  the  imperfect  segmentation  of  the  body,  or  by  the  complete 
absence  of  segmentation,  and  by  the  non-existence  of  bilateral  sym- 
metrical limbs  or  appendages.  The  nervous  system  never  presents  the 
double  longitudinal  ganglionated  cord,  but  consists  of  either  one,  two, 
or  four  supra-ctsophageal  ganglia  situated  in  the  fore-part  of  the  body, 
above  or  upon  the  gullet,  from  which  delicate  branches  merely  ramify 
forwards  through  Uie  head,  and  backwards  through  the  body ;  in  the 
Echinodermata,  in  accordance  with  their  horizontally  radiated  form,  the 
ganglia,  which  might  be  termed  drca-cisophageal^  are  proportionally 
multiplied,  are  connected  with  cords  surrounding  the  oral  aperture,  ana 
fi;ive  off  radiating  branches.  Eye-spots  are  present  in  the  Kotifera  and 
in  some  Echinodermata,  but  the  other  sensory  organs  are  rudimentary 
or  absent.  In  most  of  the  Annuloida,  moreover,  that  remarkable 
mode  of  development  is  observed,  by  which  the  ova  do  not  immediately 
form  p^ect  animals,  but  larv»  or  embryonic  forms,  within  which,  by  a 
subsequent  process  of  evolution,  perfect  animals  are  produced.  Tjiis 
kind  of  development  is  known  as  alternate  generation. 

Ccdenterata,  This  extremely  natural  group,  established  as  a  sub- 
kingdom  by  Frey  and  Leuckart,  consists  of  animals,  the  bodies  of  whieh 
have  a  much  simpler  structure  than  those  even  of  the  lowest  Annuloid  or 
lowest  Molluscoid  animals ;  although  the  radiated  form,  common  to  both 
the  daas  ActinoEoa  or  sea-anemones,  and  the  class  Hydrozoa,  which 

K 


130        BELATIONS  OF  UliS  WITH  EXTERNAL  NATURE. 

includes  the  Medusae^  Acalepba  or  sea-nettles,  and  Hjdroid  Polyps, 
suggests  resemblances  with  the  Echinodermata  on  the  one  hand,  and 
with  the  Polyzoa  on  the  other.  The  body  of  the  Coelenterata  is  hollow ; 
the  alimentary  canal,  destitute  of  special  glands,  is  extremely  short  and 
simple,  for  it  has  but  one  external  aperture,  viz.  the  oral  opening  or 
mouth,  its  hinder  end  opening  widely  into  the  cavity  of  the  body  itself; 
hence  the  name  Ccelenterata  (ko«\oj,  koilos,  hollow ;  ivrtpov,  enteron,  in- 
testine). The  walls  of  the  body  are  also  characteristically  simple,  being 
composed  of  an  outer  layer  named  the  ectoderm,  and  an  inner  layer  named 
the  endoderm  ;  both  are  composed  of  nucleated  cells,  and  apparently  in 
the  simplest  forms,  as  in  the  Hydra,  possess  the  same  physiological 
properties,  for  they  are  equally  capable  of  digesting  food  received  into 
the  hollow  of  the  body,  even  when  this  is  turned  inside  out.  Around 
the  oral  opening  are  usually  foimd  numerous  prehensile  tentacles^ 
usually  hollow,  and  never  provided  with  vibratHe  cilia  upon  the  surface, 
like  the  tentacles  of  the  Polyzoa.  Most  of  the  Coelenterata  have,  in  their 
ectoderm,  little  oval  elastic  sacs  containing,  besides  fluid,  a  long  barbed 
and  serrated  filament,  which  is  projected  beyond  the  sac  on  any  irritataon, 
and  so  acts  oflensively  or  defensively,  destroying  soft  animal  prey,  and 
oven  irritating  the  human  skin.  These  sacs  are  named  neTnato-cyaU  or 
thread-cells,  and  their  irritating  qualities  have  given  rise  to  the  term 
sea-nettles,  applied  especially  to  the  Acalepha.  Somewhat  similar 
bodies,  it  may  be  added,  are  found  in  certain  Mollusca  and  Scolecida. 
The  nervous  system  of  most  of  the  Ccelenterata  has  hitherto  escaped 
detection ;  but  in  the  Ctenophora  or  ciliograde  forms,  such  as  the 
Beroe,  it  consists  of  a  single  or  compound  ganglion  placed  in  the  centre 
of  that  part  of  the  body  opposite  to  the  oral  aperture,  and  of  nervous 
filaments  radiating  from  it.  Doubtftil  ganglia  have  been  described  as 
existing  in  the  base  or  attached  part  of  some  of  the  Actinozoa  or  sea- 
amnm'nn"^.    N'^  or^iaiih^  of  circtilation.  exi^t ;  hut  tin'-  eavity  <?f  \ht*  h<Ay  i» 
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Mbef  of  ibem  poes«$ft  ciU&  micd  either  m  lo«oi»i?tire  organi,  ot  for  tti^ 
purpose  of  ereating  currenta  in  the  water  in  which  thtj  lire.  They  ai^ 
n^tULlly  multiplied  by  rbe  Hwupleet  foruig  of  deTelopniL^Qt,  such  as  gem- 
malion  or  ^ie^jioo,  as  will  Iw  hereafter  expIidDed. 

Of  the  Prutozoa.  tlie  chiss  Infusoriu  certainly  stand  higher  thfin  llie 
test;  tJilir  aoft  aarcoilous  subslxmee  is  firmer  on  {ha  surface  than  in  tba 
where  it  is  sometimes  almost  fluid.     In  the  typical  fofEiii,  i 

oflEec  tm  tho  etirfac^,  suiTOiind^d  b^  cilin,  confititut^s  &  sort  ^ 
"i ;  and  henee  the  Iiifusoda  have  been  gnm^ed  togt'ther  under  thffl 

of  Stomatodat  or  Stonjalode  Protozoa.  This  mouth  leatle  into  m ' 
iSmlkiw  e&Tity  or  short  tube,  which  end*  abruptly  in  the  Boft  e^eiitml 
flil«od&,  Mid  whkh  IB  regHjded  as  r^  lywi/f^  or  nidiment  of  an  alimentary 
c&naL  The  coitfractile  TitsSclee  in  their  intmor,  mme^im^B  aljuo  nanje^ 
tittcuolt^  or  uMtrr^reeeptades,  are  more  nnraeroua  than  io  other  ProtoKoo* 
The  Infofioria  are  aLso  partimlarlj  distinpiished  by  the  impoitaace  of 
their  ciJi*,  which  are  Kiint'times  WDJ;!?,  bnt  mofo  frcqnently  rcry 
Bimiepoiiji  on  the  eurtace  of  their  bodiOEi,  and  which  serve  not  only  for 
locomotion,  bnt  also  Boni*'tiiiie»  l<>  dirtjct  the  food  into  their  short  gullet* 
By  llie  possession  of  locomotive  and  other  cilia»  they  appitijich  the 
.  fetifeni  Mid  oUipr  Scolecida ;  also  bj  the  analpgy  botweeJi  their  con- 
tractile  vacuoles,  which  ore  Bom«timeii  mmified,  jind  the  watcr-rc^aelfl  of 
thefie  AnnuJoida ;  antl,  Isatly,  by  their  occasiooally  nmdeiigoing,  like  tho 
Utt^r,  A  ppocMB  of  tjt^itiafhn^  prepara,t<sry  to  deydoping  yonng  in  thetj 
interior*  They  arv*  dis^tintruishcd  from  tlie  othi^T  I^tozoii  by  tlie 
peculiar  possession  of  the  so-called  nucleus  and  nucleolus,  two  parts 
essentially  concerned  in  that  form  of  the  reproductiye  process  known  as 
etmfugeUian,  The  Infusoria,  like  the  remaining  Protozoa,  are  developed 
also  by  gemmation  and  by  fission. 

The  remaining  Protozoa  present  no  oral  aperture  or  mouth,  and  hence 
haye  been  grouped  together  under  the  name  AaUymata^  or  Astomatode 
Protozoa.  They  are,  in  all  respects,  more  simple  in  structure  than  the 
Infusoria,  their  sarcodous  substance  being  destitute  of  any  firmer  outer 
portion  or  envelope,  but  being  uniformly  soft  throughout,  and  some- 
times containing  only  a  single  contractile  water-vesicle.  The  Spongida 
consist  of  aggregations  of  these  minute  sarcodous  masses,  wluch  are 
sometimes  ciliated,  and  are  always,  as  well  as  the  allied  sarcodous 
Tinicellular  independent  animals,  such  as  the  Amceba,  capable  of  varying 
their  form  by  thrusting  out  broad  or  narrow  processes  or  lobes,  some- 
times  named  feet.  The  Khizopoda  are  furnished  with  beautiful 
coriaceous  or  siliceous  shells,  sometimes  simple,  sometimes  many- 
chambered  :  in  them,  the  sarcodous  processes  are  extremely  long  and 
thread-like,  often  very  numerous,  like  roots  {rhizon,  a  root;  pons,  a 
foot),  and  frequently  coalesce  at  their  extremities;  they  are  named 
pseudopodia  ;  they  are  often  thrust  through  the  minute  openings  in  the 
perforated  shells,  which  have  suggested  the  name  Foraminifera  gjiven  to 
these  interesting  and  abundant  animals.  Lastly,  in  the  Gregarinida,  the 
soft  body  is  destitute  of  envelope,  contractile  processes  or  pseudopodia, 
and  contractile  vacuoles,  and  presents  only  a  nucleus  in  its  mterior,  with 
a  contained  nucleolus.  They  constitute  the  lowest  and  simplest  forms 
of  the  animal  series,  being  unicellular,  and  composed  of  naked  nucleated 
portions  of  sarcode  or  protoplasm,  elsewhere  mentioned  as  gymnopUuU, 
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The  repioductioii  of  these  lowest  Frotosoa  is  also  eztremelj  simple, 
being  sometimes,  at  least  apparently,  non-sexual,  a  certain  portion  of 
the  parent  animal,  which  first  becomes  encysted,  undergoing  direct 
transformation  into  a  mass  of  young. 

Position  of  Man  in  the  Animal  Series. 

Such  being  the  outlines  of  the  vast  array  of  the  animal 
kingdom,  the  zoological  position  of  man  is,  as  we  have  seen, 
at  its  very  summit ;  for  he  occupies  the  highest  position  in 
the  class  Mammalia,  in  the  subkingdom  Vertebrata.  Whether 
he  should  be  arranged  with  the  Quadrumana  in  one  order, 
the  Primates  (Linnseus),  or  be  separated  from  them  to  form 
a  distinct  order,  Bimana  (Blumenbach,  Cuvier),  or  be  still 
further  distinguished  from  the  animals  by  being  placed  in  a 
separate  subclass,  Archencephala  (Owen),  is  a  purely  zoolo- 
gical question,  not  to  be  discussed  here.  Whichever  view 
comes  to  be  ultimately  adopted,  the  anatomical  characteristics 
of  man  are  well  marked,  even  when  his  structure  is  compared 
with  that  of  the  highest  anthropoid  apes.  His  structural  pecu- 
liarities will  be  foimd  to  depend  chi^y  on  the  following  con- 
ditions, viz.  the  perfect  adaptation  of  his  skeleton  and  muscles 
to  the  erect  attitude  maintained  upon  the  hinder  extremities 
exclusively,  so  as  to  set  entirely  free  the  anterior  limbs  for 
special^  but  noD^locomalivef  purpo^^ ;  the  comparatively  eofb 
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ocnnmumcation  of  mind  with  mind,  the  presenratiQii  and 
tnmBmiflBion  of  knowledge  from  one  generation  to  another, 
m  moral  sense  of  duty  to  others  and  to  himself  and  a  con- 
scioiiimesB  of  relations,  mjsteriotis  though  they  be,  to  the 
present^  to  apast  and  a  future,  to  the  finite^  and  to  the  Infinite. 

TgpeSf  Laws  ofFarmy  Homologies^  Analogies^  Unity  in  Variety j 
Oenetie  Relations. 

The  zoological  relations  of  man  with  the  entire  animal 
kingdom,  are  necessarily  associated  with  anatomical  and  phy- 
siological resemblances  and  difierences  more  or  less  marked 
in  special  cases.  The  determination  of  these  is  the  proper 
object  of  comparatiye  anatomy  and  physiolc^.  The  mrmer 
science  has  been  cnltiyated  so  &r  as  to  lead  to  the  discrimi* 
nadon  of  certain  general  plans  or  types  of  form  observable 
in  the  animal  series,  which  are  indicated  in  the  seyeral  sab- 
kingdoms.  At  least,  there  can  be  little  doubt  as  to  the 
apparent  distinctness  of  the  vertebrate,  molluscons,  annnlose, 
coelenterate,  and  protozoic  types  ;  thoiigh  it  is  possible  that  the 
molluscoid  and  annuloid  groups  are  subtypical,  and  attached 
respectively  to  the  molluscous  and  annulose  types.  The  ideal 
plans  of  these  types  of  course  involve  every  leading  or  essen- 
tial feature  in  their  structure ;  but  one  very  simple  view  of 
them,  is  that  expressed  by  a  comparison  of  transverse  sections 
through  the  body  in  each  case,  as  is  shown  in  the  following 
diagrams,  fig.  45. 

Thus,  a  transverse  diagrammatic  section  of  the  body  of  a  Vertebrate 
animal,  V,  shows  two  chambers,  or  perivisceral  camties,  an  upper  smaller 
one,  and  a  lower  larger  one,  separated  fix)m  each  other  by  the  more  solid 
or  axial  part  of  the  vertebral  column,  occupying  the  position  of  the  so- 
called  dorsal  cord  of  the  embiyo.  In  the  upper  tubular  chamber,  the 
neural  cavity,  lies  the  section  of  the  great  nervous  axis  or  centre ;  in 
the  lower  chamber,  or  hamal  cavity,  are  lodged  the  double  or  laterally 
symmetrical  sympathetic  nerves,  above,  the  alimentary  canal  in  the 
middle,  and  the  heart,  or  central  organ  of  the  blood  system,  below. 

A  transverse  section  of  a  Molluscous  animal,  M,  shows  but  a  single 
body-cavity  or  perivisceral  cavity,  in  which  the  heart  is  placed  above, 
the  alimentary  canal  in  the  middle,  and  the  chief  portions  of  the  nervous 
system,  I  e.  the  double  laterally  symmetrical  pedal  and  parieto-splanch- 
nic  ganglia,  at  the  lower  part. 

A  similar  section  of  an  Annulose  animal.  A,  presents  also  a  single 
perivisceral  cavity,  having,  as  in  the  Mollusc,  the  alimentary  canal  in  the 
middle,  the  double  ganglionated  nervous  cords  below,  and  the  elongated 
dorsal  circulating  vessel  above. 
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On  oomparing  the  MoUubooub  and  Annoloee  t^rpes,  it  appears  that  the 
longitudinal  segmentation  of  the  latter  is  the  chief  difference,  the  typical 
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contents;  and  that  the  yertebral  column,  or  dorsal  cord,  the  neural 
carity,  and  its  great  nervous  axis,  the  cerebro-spinal  centre,  are  alto- 
gether superadded  parts  in  the  Vertebrate  type. 

A  transverse  section  through  a  MoHuscotd  animal,  Md,  shows  also 
a  sinele  perivisceral  cavity,  having  the  alimentary  canal  in  the  middle, 
the  single  or  chief  ganglion  on  the  side  next  the  locomotive  organs,  and 
the  rudimentaiy  heart  on  the  opposite  side ;  but  these  sides  are  no  longer 
obviously  under  and  upper,  as  in  the  Mollusca. 

No  single  diagram  will  rc^present  the  diverse  plans  of  the  Annuloid 
animals.  In  the  highest  forms,  however,  there  is  no  true  heart  or  central 
circulating  organ,  and  the  chief  nervous  ganglion  sends  off  nervous  cords 
scattered  through  the  body ;  but  there  is  still  a  central  alimentary  canal, 
distinct  firom  and  lying  in  a  perfect  perivisceral  cavity. 

The  subtypical  position  of  these  two  last  forms,  in  regard  to  the  Mol- 
lusca and  Annulosa,  is  obvious  ;  of  these  plans,  or  types,  they  are  simpli- 
fications, or,  as  in  the  radiated  forms  of  the  Echinodermata,  modifications 
in  points  of  detail. 

The  Catlenterate  type  is  altogether  different  and  lower.  A  transverse 
section  will  no  longer  reveal  its  plan.  A  longitudinal  section,  C,  shows 
the  complete  absence  of  a  perivisceral  cavity,  for  the  alimentary  canal, 
a,  now  ends  in,  or  is  part  of,  the  general  cavity  of  the  body,  c ;  there  is 
no  heart  or  central  circulating  organ  ;  and  the  ner\'Ous  centre,  when  such 
can  be  detected,  is  placed  at  the  end  of  the  animal  opposite  to  the  oral 
aperture. 

Lastly,  the  Proto^oic  type  is  still  more  simple.  A  section  of  their 
bodies  no  longer  indicates  even  a  distinct  body-cavity.  A  dia^am  of  the 
highest,  or  Infusorial  fonn  shows  a  unicellular  bi-nucleated  sarcodous 
mass,  with  a  firm  exterior  bearing  cilia,  a  short  gullet  ending  abruptly 
in  the  mass,  and  one  or  more  internal  contractile  vesicles ;  but  no  nervous 
or  circulatory  apparatus.  The  Amoebous  form  has  not  even  a  short 
gullet :  but  the  soft  mass,  now  without  a  distinct  envelope,  and  change- 
able in  its  shape,  has  a  single  or  double  nucleus,  and  sometimes  also  a 
contractile  vesicle ;  aggregates  of  such  masses  may  occur.  Lastly,  th«^ 
lowest,  or  Gregarinid<>u«  form  consists  of  a  simple  gj'mnoplast,  or  naked 
nucleated  cell,  comi>osed  of  a  minute  mass  of  protoplasmic  sarcode,  con- 
taining a  single  nucleus,  with  its  included  nucleolus. 

The  science  of  philosophical  anatomy  further  endeavours 
to  penetrate  the  fundamental  laws  at  work  in  these  several 
j)lan3  of  construction.  Considered  generally,  it  is  seen  that 
all  animal  forms  exhibit  a  more  or  less  axial  mode  of  growth ; 
that  all  are  more  or  less  perfectly  bilateral ii/  summetrical^  even 
the  spirally  convoluted  Gasteropodous  Molluscs  presenting 
two,  though  unequal,  halves,  and  the  radiating  Echinodermata 
also  exhibiting  an  imaginary  median  plane  of  partition.  It  is 
further  seen  that  the  spheroidal  form  is  common  amongst 
simple  animals,  ova,  and  commencing  tissue  cells ;  the  radiate 
Jurm,  in  many  of  the  lower  animals ;  and  spiral  arrangements, 
in  otliers,  as  well  as  in  the  organs  or  parts  of  animals  higher 
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in  the  scale  :  lastly,  repetitions  of  similar  parts  are  found  to  pre- 
vail in  the  elongated  animals,  and  in  many  organs  and  tissues. 
Furthermore,  it  is  shown,  on  comparison,  that  like  parts  in 
the  same  animal,  or  in  different  animals,  may  be  extremely 
modified  in  form  and  structure,  to  suit  different  purposes,  and 
yet  not  lose  their  essential  identity ;  in  such  case,  they  are 
said  to  be  homologous  parts.  Thus,  each  vertebra,  or  vertebral 
segment,  is  homologous  with  every  other  vertebra,  however 
highly  developed  these  may  be,  as  in  the  back,  or  however 
they  may  be  simplified,  as  in  the  sacrum  or  coccyx :  even  the 
cranial  segments,  specially  modified  as  they  are,  have  been 
regarded  by  many  as  homologous  with  vertebrse.  Again;  the 
upper  limb  of  man,  and  its  several  bones,  are  homologous  with 
the  lower  limb  and  its  bones,  part  for  part,  although  the  one 
is  fitted  for  prehension  and  the  other  for  locomotion.  The 
shoulder  bone  and  collar  bone  together  are  the  homologues  of 
the  hip  bone ;  the  humerus,  of  the  femur ;  and  the  radius  and 
ulna,  of  the  tibia  and  fibula.  Again,  the  carpus  and  meta- 
carpus are  homologous  with  the  tarsus  and  metatarsus ;  the 
three  phalanges  of  the  four  fingers  with  those  of  the  four  outer 
toes ;  and,  lastly,  the  thumb,  having  two  phalanges,  is  the  ho- 
mologous part  to  the  great  toe,  which  also  has  two  phalangeal 
bones.  The  same  law  of  fundamental  homology  is  evident 
in  comparing,  not  merely  the  parts  of  the  same  animal,  but 
tkose  of  different  animals  of  the  same  type  with  each  other  r  tlms 
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iMnUbig  from  the  modification  of  typical  hiXenl  appendages. 
Homologiea  also  are  apparent  between  like  parts  of  animals 
oonstructed  unon  totally  different  types ;  but  they  are  fewer 
In  number  and  leas  apparent,  sometimes  obsoore  or  even  doubt- 
M ;  thns  there  can  be  no  doubt  that  the  stomaohi  aaliyaxy 
dands  and  liver  of  the  Molltiaca,  and  even  similar  parts  of 
ttw  sdU  lower  sabldngdoms,  are  homologous  with  the  ali- 
mentazy  calial  and  its  appended  glands  in  ihe  Vertebrata ;  so 
also  the  supra-oesophageal  ganglion  of  the  Molluaca  and  of  the 
Amnilosa,  with  which  the  nerves  of  special  sense  are  connected^ 
is  probably  homologous,  on  the  one  hand,  with  the  sensory 
portioQ  of  the  cerebrum  of  the  Vertebrata,  and  is  certainly  so, 
on  the  other,  with  the  single  ganglion  of  the  Molluscoida,  and 
of  the  Annidoid  Rotifers.  But  with  regard  to  the  locomotive 
mgans  in  animals  belonging  to  different  subkingdoms,  the 
himiologies  are  not  evident,  as  e.g.  between  the  legs  of  quadru- 
ped%  the  1^  of  insects,  and  the  locomotive  organs  of  the  Md- 
fnsca.  Furaier,  as  already  mentioned,  though  the  heart  of  die 
MoUnaca,  and  the  dorsal  vessel  of  the  Annulosa,  are  really  the 
centres  of  the  circulating  system  in  those  animals,  it  is  doubt- 
ful whether  they  are  strictly  homologous  with  the  heart  of  the 
Vertebrata;  for  the  circiilating  organs  in  these  lower  ani- 
mals are  by  some  regarded  as  possibly  homologous  with  the 
lymphatic  system  of  the  Vertebrata,  in  a  few  of  which  animals 
lymphatic  hearts  are  met  with. 

Homology  must  not  be  confounded  with  another,  but  less 
important,  relation  which  often  exists  between  the  parts  of  ani- 
mals, and  which  is  designated  by  the  term  analogy.  Parts  or 
organs  sometimes  perform  corresponding  functions,  and  yet  are 
not  homologous  structures ;  they  are  then  said  to  be  analogous 
parts.  Thus  the  lungs  of  tlie  Vertebrata  are  analogous  to  the 
pulmonary  sacs  of  certain  snails,  and  to  the  air-sacs  of  spiders; 
but,  from  their  position  and  connections,  are  evidently  not 
homologous  parts.  So  too  the  wings  of  the  bird  and  those  of 
the  insect,  and,  again,  the  gills  of  tJie  fish  and  the  gills  of  the 
lobster,  are  analogous  but  not  homologous  organs. 

Although  the  essential  resemblances  between  man  and  the 
higher  animals,  on  the  one  hand,  and  the  lowest  animals,  on 
the  other,  become  at  length  so  obscure,  that  the  homology  be- 
tween a  vertebrate  animal  and  a  protozoon  is  no  longer  recog- 
nisable, so  far  as  special  organs  are  concerned,  still  a  profound 
homology  remains  throughout  the  whole  animal  series,  viz. 
that  of  the  tissues.     Thus,  in  the  lowest  animals,  a  simple  con- 
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tractile  protoplasm  is  the  homologue  of  the  highly  complicated 
muscular  tissue  of  the  higher  animals,  and  the  nerve-cells  of 
the  most  minute  ganglion  represent  those  of  the  large  cerebrum 
even  of  man.  Moreover,  in  this  point  of  view,  as  already  men- 
tioned, the  simple  gynmoplastic  nucleated  cell-like  Gregarina 
may  be  regarded  as  homologous  with  a  nucleated  gymnoplast 
from  the  tissues  of  the  higher  animals  or  of  man. 

Still  further,  comparative  physiology  recognises  homologies 
in  vital  actions.  Homologous  organs  and  tissues  perform 
homologous  functions^  and  possess  homologous  vital  properties. 
The  phenomena  of  nutrition  and  reproduction,  and  the  pro- 
perty of  contractility  giving  rise  to  motion,  are  manifested  in, 
or  possessed  by,  all  animals ;  sensation  and  voluntary  motion  in 
most.  Experimental  physiology  rests  upon  this  fundamental 
tmity  of  functions  as  weU  as  of  plan  ;  and  recognising  the  re- 
semblances, whilst  allowing  for  the  differences,  between  man 
and  the  lower  animals,  it  has  succeeded  in  eliciting  many 
important  physiological  fects  and  doctrines,  which  illustrate 
the  functions  of  the  human  body,  more  especially,  it  may  be 
added,  those  of  the  various  parts  of  the  nervous  system. 

Due  consideration  being  given  to  all  the  preceding  facts, 
to  the  small  number  of  typical  plans  of  animals,  to  their 
known  modifications  or  variations,  on  the  one  hand,  and 
to  their  mutual  points  of  approximation   or  alliance  od  the 


OUTUKES  OF   THE   TBQETAB^   KJ^GJDOM. 


13d 


M3^T10M3    OF   MAK   AKD    AKlMALS   WITH   PLANTS, — RELATIONS  0P 
THE  AJfllLAL  AND  VEGETABLE  KIKGDOMS* 

Be^dea  t}i6  mor^  intimate  reUtioiis  whicti  exist  between 
tnjm  imd  animalB^  and  betiveen  a&im&la  tham^tslres^  tbera  are 
other  and  highly  important  relations  between  tlie  an i mid 
kingdom,  man  indusiTe,  and  the  -vegetable  kingdom  ;  tiiesa 
relatioiis  are  of  three  kinds,  viz,  of  re^semb lance,  difference, 
«nd  dependence.  To  explain  them,  it  is  tiecessjiry  to  give  aoma  - 
preliminary  information  concerning  the  vegetable  kingdom. 

Otttlines  of  the  Vegetable  Kin^mn. 

(Za»g^ficaii&n. — By  Lii^tisi]!!,  plunta  were  divided  into  the  Phanef&^\ 
gami0  &e  F^iim^ng  plants,  uad  the  Cri/pioffamui  or  Fl^w^rhm  pknts ; 
Wt  hj  JuBsien  and  thi?  fsjUowenj  of  the  Kutund  ejetetn,  a  tnpnrtit** 
dlHJfleAtiou  hm  hepD  adopted  iwtia  I/tcofj/kdtmfjus,  Manacf/t^ted&nott^, 
and  Acot^di^Him^  plants :  the  two  fanoet  together  correaponditig  witji 
tlie  PliiitierOgHniia,  and  the  l&tter  with  the  Cryptogamia. 

Tb«  Diootjledoaa  indudiQ  the  mmt  highly  developed  forms  i&  the 
rentable  world;  they  all  produce  true  k»ftves,  flowers,  and  eted^\ 
th*y  aiv  fio  califd  be^^vuirk^  the  seed  possesses  tvxi  sfed-ioff^  or  coit/' 
iedomSf  which,  when  devclopod  in  garmixuitian,  form  two  Httle  embryouic 
UmjeB.  The  stems  of  these  plants  are  formed  by  the  regular  growth  of 
nefw  oonoentiic  layers  of  vascular  and  woody  tissue  deposited  in  succes- 
aioD  one  outside  the  other,  the  earliest  formed  layer  immediately  sur- 
xonnding  the  central  soft  part  called  the  pith,  and  the  latest  formed 
layer  being  that  placed  immediately  beneath  the  cuticle  or  bark; 
hence  the  Dicotyledons  are  also  named  Exoffens;  their  leaves  present  a 
branched  and  reticular  arrangement  of  the  so-called  veins.  The  Bico- 
tvledons  include  the  great  majority  of  the  European  flora,  comprehending 
the  timber,  for^  and  fruit  trees,  shrubs,  and  most  of  the  firm-stemmed 
herbaceous  plants. 

The  Monocotyledona  also  produce  true  leaves,  flowers,  and  seeds;  but, 
as  their  name  implies,  the  seed  has  only  one  seed-lobe  or  cotyledon ^  which 
germinatee  into  a  single  embryonic  leaf.  Their  whole  structure  is 
simpler  than  that  of  the  Dicotyledona.  The  vascular  and  woody  tissue 
of  uieir  stems  is  not  deposited  in  successive  concen^c  layers  ;  but  is 
ooUected  into  numerous  bundles,  diffused  or  scattered  through  fdl  parts 
of  the  cellular  or  pithy  structure  of  the  stem ;  hence  these  plants  are 
also  named  Endogens.  Their  leaves  are  characterised  by  a  parallel 
arrangement  of  the  veins.  The  Monocotyledons  are  fewer  in  number 
than  the  Dicotyledons,  and  are  rarer  in  Europe.  Monocotyledonous 
trees,  such  as  the  bananas  and  the  palms,  are  found  only  in  hot  coun- 
tries. Most  of  these  plants  are  herbaceous,  such  as  the  orchids,  the 
irids,  amaryllids,  and  lilies,  the  asparagus,  colchicum  and  arum,  the 
sedges  and  the  extensive  and  varied  family  of  grasses,  including  the 
bamboo,  sugarcane,  rice,  maize,  wheat,  rye,  barley,  oats,  and  £dl  the 
varieties  of  meadow-grass. 
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The  Acotyledona^  corresponding  with  the  Cryptogamia,  prodnce  neither 
tnie  leaves,  flowers,  nor  seeds,  and  accordingly,  as  their  name  implies, 
have  no  seed-lobe  or  cotyledon.  They  are  reproduced  by  much  more 
simple  structures,  viz.  single  cells,  often  quite  microscopic,  named  apores. 
In  tne  larger  kinds,  a  stem  is  developed,  consisting  of  both  vascular  and 
cellular  tissue,  the  former  being  in  that  case,  either  collected  into  a  cen- 
tral mass,  or  into  a  few  large  regularly  folded  masses ;  these  are  named 
the  vascular  Acotyledons ;  they  pjossess  leaves  or  leaf-like  parts,  sometimes 
named /ro9u^.  In  other  and  simpler  kinds  of  Acotyledons,  there  is  no 
vascular  tissue,  the  entire  plant  being  formed  of  cells,  hence  these  are 
called  cellular  Acotyledons.  The  stem  of  the  vascular  Acotyledona 
and  of  one  family  of  the  cellular  group,  viz.  the  mosses,  grows  or  in- 
creases only  at  the  point  or  apex ;  hence  these  have  been  named  Acrogens ; 
whilst  the  remaining  cellular  forms  have  neither  stem,  root,  nor  leaves, 
but  consist  of  a  fused  mass  of  cells,  called  a  thallus,  and  hence  are 
named  Thallogens.  Amongst  the  vascular  Acotyledons  are  found  the 
lycopodiums,  or  club-mosses,  some  of  which  attain  the  heisht  of 
trees ;  the  ferns,  some  of  which,  like  the  Cycas,  also  reach  a  great  neight 
and  size;  and  lastly  the  equisetums.  To  the  cellular  Acotyledons 
belong  the  mosses,  the  enormous  feunily  of  fungi,  including  the  large 
boletuses  and  agarics,  the  truffles  and  morells,  and  all  the  minute 
microscopic  fungi,  such  as  the  Penicillium,  Mycetum,  Oidium,  fiotryllos, 
and  others ;  also  the  various  lichens,  and  lastly  the  alg»  or  conferrse, 
some  of  which,  such  as  the  sea- weeds,  are  of  gigantic  dimensions,  whilst 
some,  like  the  Desmideee,  Diatomaceae,  OsciUatorise,  Volvocinae,  Proto- 
cocci,  Monadinae,  and  others,  are  quite  microscopic ;  many  of  these  have 
been,  from  their  manifestation  of  movement^  erroneously  classed  with 

ijlr    lil'tUsijriill  auUuiLii'uii"-.        J\.itJ:lJUJLJ^L    ihe    SUllt^Mlni   gruu[i',  tll^■    Mj/CfJi'^rrft^ 

and,  amougHt  the  eoufi'nvjid  forme,  tho  Vihrifmin,  ciccupy  a.  doubtful 
osition  between  tlio  unimul  and  the  vegri't^vbk^  kinfitlo 
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proe^ases  of  aeaimilittion  are  perfonnedt  &5  well  B9  tJioa*  of  retpitaikm^ 
^uch  in  pliuiU  is  mtber  ao  &6giniilative  than  a  i^spinttoiy  act,  contsist- 
iog  sfi^ntially  in  this  ibt^tioo  of  carbon,  deriired  from  carboule  acid, 
tUgieclier  tritii  the  dement  a  of  water  *ud  ammoniii,  and  ia  the  evoluiion 
^  oxyg^ik.  Th4^e  pTOcesae^  occur  under  tbeii>flue»DC«  of  nolaj*  light,  and 
ilL  this  v»y,  not  only  chlorophjll,  the  green  eolouriug  matter,  but  other 
tPTOAry  ftud  qumary  constituents  lue  prepared,  such  ah  the  vegetable 
adds,  the  cau'bhydratos,  fltareh*  sugar,  gunit  cellulose,  and  lignin  or 
Toody  fibf«,  and  alao  thi^  hydfoearboDB  or  fixed  a^d  rolatile  oils-  and 
QOFiKiTer  by  the  fixation  of  nitrogen  or  amnionui,  there  are  formed  tlio#e 
mott  importajit  albutmnoid  i^tibstAnc^H,  glut  en,  fibrin  or  legiimin,  whieh 
HTB  neoMBMy  to  all  the  growing  p^t^  c>t'  pkzits,  and  which  are  stored 
Qp  ubaad&ully  in  the  &ecd,  Tht;  fluii^  retnmed  fimm  the  UaycSr 
supply  mat^riftls,  chiefly  cellulose  and  liguin,  for  the  fonaation  of  the 
nev  porta  of  the  Bt«m  and  root£,  and  m  aasiat  in  building  up  the  pa^ite 
feami^work  of  the  pkjit ;  and  they  al^o  deposit  in  their  pafli*  by  proceBtiffl 
of  atMH^tioQ,  apc^eiu]  chemical  componuda,  ^ch  m  the  eaacntial  and  fixed 
oilfl,  and  th^  Tegetable  alkaloida  or  baet'u,  exempted  by  quininot  , 
morphia,  thein,  cfi^ein,  and  aapuragin  ;  and  Smelly  even,  itig  eaid,  thfOW  i 
off  bj  an  exc^toiy  pToc^sa,  chietly  by  the  ittotK,  residtial  subat&iic«fl 
whi^  WotiH  be  iiyimnuB  to  th&  plflit.  Tbe  decompo«ition  of  carbnub 
add,  and  the  erolution  of  oxygen,  which  takes  place  io  the  mixed  aaelo 
milAtiTe  and  respimory  fiinctioni  of  plants,  afe  phenomena  the  rewrto 
of  thcj*e  which  occur  in  tb©  respiration  of  an i mala,  and  by  which  oxygen  ia 
atnoxbed  aJld  carbonic  add  given  off.  In  the  gftnainiltion  of  the  se^dp 
smd  It  the  period  of  perfection  of  the  flower,  carbonic  acid  is,  however, 
also  given  off'  by  plants.  In  the  absence  of  light  all  parts  of  plants  are 
said  to  exhale  carbonic  acid,  which  must  always  exist  in  their  fluids, 
and  then  escapes  decomposition.  In  some  plants,  certain  special  fluids, 
more  secretive  than  nutritive,  constituting  the  so-called  latexj  circulate 
in  peculiar  vessels  named  laticiferous.  The  reproductive  functions  of 
all  the  phanerogamic  plants  are  performed  by  the  agency  of  the  flowers, 
or  rather  by  that  of  their  most  essential  parts,  viz.  the  pollen  and  the 
contents  of  the  ovuU^  which  are  brought  together  by  the  various  con- 
trivances manifested  in  the  structure  and  arrangement  of  the  stamens, 
anthers,  pistil,  and  carpels.  The  petals  and  sepals  of  the  corolla  and 
calyx,  when  present,  are  supporting,  protective,  ornamental,  and  attrac- 
tive to  insects,  which  aid  in  conveying  the  pollen  to  the  stigma ;  bracts, 
stipules,  and  tendrils  are  also  efficient  organs  of  protection  and  support. 
BudM  are  the  means  of  multiplication  by  division  of  the  individual,  seeds 
and  spores  by  a  true  reproductive  process.  Within  the  fertilised  ovule 
the  embryo^  with  its  one  or  two  cotvledons,  is  formed.  In  the  cryptogamic 
flowerless  plants,  instead  of  a  seed  containing  an  embrvo,  sporangia,  or 
other  organs,  appear  on  the  fronds  or  thallus,  and  proauce  within  them 
the  so-called  spores.  The  nutritive  processes  of  the  cellular  thallogens 
are  accomplished  without  the  aid  of  woody  or  vascular  parts. 

The  vegetable  textures  of  which  all  plants  are  built  up,  are  the  so- 
called  ww)dy  Hsstiey  fig.  47,  /;  the  vascular  or  tubular  tissue  or  ducts, 
c.d^e;  and  the  cellular  tissue,  a,  b.  Certain  parts,  such  as  the  pith,  a, 
the  cuticle,  b,  and  the  embryo  of  the  higher  plants,  consist  entirely  of 
celliUar  tissue,  i.  e.  of  an  ^emblage  of  coherent  vegetable  cells.    Even 
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the  woodj,/,  and  rasciilar,  c,  d,  e,  tuflues  are  produced  by  TariooB  modi- 
fications and  fdnctions  of  such  vegetable  cells.  As  already  mentioned, 
the  thallogens  are  exclnsivelj  composed  of  such  cells ;  and  the  very 
simplest  forms  of  them,  the  lowest  Algae,  consist  but  of  a  single  cell,  or  are 
unicellular,  fig.  46,  b.  The  oYule  of  the  highest  plant,  and  the  simple 
spore,  are  but  different  evolutions  of  this  primitive  vegetable  cell. 

Ultimately,  therefore,  all  the  vital  functions  performed  by  plants,  vi«. 
the  80-callea  vegetative  functitms,  whether  nuiritive  or  reproduetivef  are 
accomplished  by  the  agency  of  cells.  A  vegetable  cell,  fig.  46,  c,  consists 
of  the  following  parts: — First,  the  cell-contents  or  endoplast — a  soft, 
usually  colourless,  fluid,  slimy,  or  granular,  mass,  which  always  con- 
tains, when  growing,  some  of  tiie  quinary  nitrogenous,  albuminoid  mat- 
ter or  protoplasm^  absolutely  essential  to  all  vital  activity :  the  outer 
layer  of  this  endoplast  is  rather  firmer  than  the  rest,  and  has  been 
named  the  prvmordial  utricle;  within,  or  upon,  the  endoplast  is  &d- 
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if"*  officf  is  fviilontly  prottH-tivc  and  supjjortinp:,  l>ut  it  piTmits  of  the 
I>:is.s;i;^e  of  dissolvwl  materials  into  and  out  or  the  endoplast  which  it 
fiUROunds — physical  processes  essential  to  nutrition  and  growth.  The 
cell  80  constituted  may  alter  in  size  and  shape,  may  coalesce  with  other 
cells,  fig.  47,  a,  may  have  its  cell-wall  perforated,  c,  or  thickened  by 
intenaldepositA,  d,  e,  or  its  contents  may  be  altered  in  the  most  direise 
way*.  Again,  it  may  multiply  itself  by  a  gradual  constriction  and  divi- 
■011  of  its  endoplast,  such  diTision  commonly  affecting  the  nucleus  also, 
and  by  simultaneous  growth  inwards  of  the  periplast  or  cell-waU,  so  as 
to  eat  the  primitive  cell  into  two  cells,  each  cST  which  may  again  underffo 
a  Ifta  process  of  subdiyision,  fig.  46,  b.  Grouped  together  in  spedaUy 
amuiged  forms  and  plans,  more  orlessmodiflea  to  suit  yarious  purposes, 
and  held  together  by  an  intermediate  cellulose  uniting  substance, — such 
eeOs,  yet  retaining  their  own  independent  powers,  though  co-operating 
with  myriads  of  others — serve  to  build  up  eyen  the  hig^st  plants,  con- 


Fig.  47.  Example  of  mocliflcations  of  vegetable  cellii,  forming  the  so-called 
Tiacular  tiMues  of  plants ;  from  the  Italian  reed  (Schleidcn).  a.  elon- 
gated polyhedral  cells  of  the  pith ;  b,  colls  of  the  cuticle,  containing 
gnuiules  of  chlorophyll :  c,  aunular  vessel,  formed  by  the  union  of 
cells,  and  absorption  of  their  intermediate  septa :  d,  spiral  vessel,  formed 
by  union  of  cells,  and  deposit  of  ligneous  matter  in  spiral  lines ;  0,  dotted 
vessel  or  duct,  formed  by  another  mode  of  ligneous  deposit  within 
coalesced  cells.  To  the  right  of  this  are  woody  fibres,/,  formed  by  solidi- 
fication of  fusiform  cells  with  lignin.    Moderately  msgnified. 


stitute  their  organs,  and  perform  their  various  functions,  nutritiye  or  re- 
productive. Or,  one  such  cell,  as  in  the  unicellular  microscopic  Alg»,  b, 
may  embrace  within  its  minute  sphere  of  action,  all  the  characteristic 
Tcgetative  processes — absorption,  elaboration  and  respiration,  the  growth 
of  its  own  simple  structure,  and  the  reproduction,  by  division  of  its 
endoplast  and  periplast,  of  its  own  species, — thus  evincing  the  close  rela- 
tionship of  reproduction  with  nutrition,  and  the  unity  of  all  the  so-called 
organic  or  organising  processes.    Unless  in  the  case  of  the  Mycetosoa, 
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it  is  not  certain  that  any  naked  protoplasm,  or  gymnoplasta,  exiat  in  the 
vegetable  kingilom. 

Besides  containing  all  the  chemical  elements  found  in  animals  (see 
p.  100),  even  fresh-^ator  plants  may  hare  a  certain  quantity  of  iodine  in 
their  composition;  whilst  the  marine  algse  contain  both  iodine  and 
bromine. 

Be  semblances  between  Animals  and  Plants. — ^Living  ani- 
mals and  plants  resemble  each  other  in  all  the  particulars 
whicli  diaractcrise  bodies  belonging  to  the  organic  kingdom 
of  nature.  They  arc  both  organised,  i.  e.  composed  of  parts, 
complex  or  elementary ^  named  organs,  destined  for  special  uses ; 
or,  in  the  simplest  or  lowest  forms  of  both  kingdoms,  they 
consist  of  distinct  structures,  or  tissues,  manifesting  vital  pro- 
perties, capable  of  being  called  forth  by  appropriate  stimuli. 
In  chemical  composition,  they  likewise  present  a  general  re- 
semblance, though  it  was  formerly  supposed  that  they  were 
specially  distinguished  in  this  respect  Animals  were  kno¥m 
to  contain  proximate  constituents,  named  quatemaxy,  because 
supposed  to  consist  of  four  elements — carbon,  hydrogen,  oxygen, 
and  nitrogen — such  as  albumen  and  fibrin ;  while  plants  were 
said  to  contain  substances  of  ternary  composition  only,  i.  e. 
consisting  of  carbon,  hydrogen,  and  oxjrgen.  But  plants,  as  is 
now  well  known,  also  contain  albuminoid  substances,  such 
as  gluten,  legumiD,  and    others,   whichf   indeed,    constitute 
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Dffifrenc^fB  hett(?mn  AntmafM  and  Plants. — The  distinction 
li^tweeii  animals  and  plants  is  easy,  when  attention  ia  limltt+Ll 
to  the  highest  fortii^  in  each  kingdom  of  organic  tjatnii'e ;  for  titi 
one  can  confound  a  tree  with  ft  quadruped*  In  general,  the 
or^ns  of  imtmalji  are  far  more  complex  and  nuniei-ens,  and 
more  specially  devoted  bo  imrticular  purposes,  thaii  ia  the  case 
iQ  €veti  the  Mghest  plants,  the  orgauB  of  which,  aa  the  leave^^, 
arc  m€XG  repetitions  of  the  single  leaf^  or,  as  the  ssepals^  potalg, 
ami  even  etaroena,  pistil,  and  parts  of  the  fruit,  are  but  modi* 
fiistionfl  of  the  foliaceoua  organs.  So  also  the  tissues  of  animals 
m^  more  numerous  and  more  complex,  and  the  animal  ftincs- 
tions  more  varied,  thnn  those  of  plants. 

But  at  the  lower  end  of  the  animal  and  vegetable  series, 
the  borders  of  the  two  kingdoms  become,  as  it  were,  conter- 

inoua,  and  the  difficulty  of  placing  in  their  proper  category* 
«otne  of  the  lowest  organised  forms,  infusorial  and  algaceou-s 
has  perplexed  both  zoologist.*!  and  botanists.  Besides  this 
practio4il  embarra^ment  in  regard  to  mere  classification,  there  - 
exists  a  real  difficidty  in  determining,  by  means  of  sharp  de^l 
finitions,  the  differential  characters  between  animals  and 
plants  generally.  The  following  distinctions,  however,  are 
those  Qstially  drawn. 

First,  animals  generally  possess  sensation,  consciousness, 
and  volition,  whilst  plants  are  certainly  destitute  of  volition 
and  consciousness,  and  also  of  true  sensation ;  but  there  are  a 
few  animals  which  have  no  volition,  as  the  Spongida,  and  some 
perhaps  which  have  no  sensation,  as  the  Gregarinida ;  again, 
there  are  many  plants,  the  movements  of  which  are  to  some  ex- 
tent adapted  to  certain  purposes,  though  they  are  not  volitional, 
such  as  the  climbing  plants,  the  sunflowers,  and  others,  which 
torn  in  obedience  to  light  or  other  stimuli ;  and  there  are 
some,  such  as  the  sensitive  plant,  and  the  fly-catching  plant, 
which  possess  a  sort  of  excitability,  suggestive  of,  though  not 
attributable  to,  ^-ue  sensibility  in  their  leaves. 

Secondly,  motion,  especially  locomotion^  is  a  great  charac- 
teristic of  animals ;  whilst  plants,  as  a  rule,  are  stationary. 
But  there  are  certain  animals  which  are  fixed,  such  as  the 
sessile Polyzoa,  Cirrhopods,Actinozoa, Infusoria, and  Spongida; 
and  there  are  plants,  such  as  the  Centaurea  and  Berberis, 
which  manifest  a  true  contractility  of  tissue,  and  specific 
motions  in  their  stamens ;  other  plants,  such  as  the  Chara  and 
Yallisneria,  exhibit  remarkable  movements  in  the  contents  of 
tbeir  cells;    whilst  many  of  the  forma  among  the  minute 
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AlgJB  manifest  active  locomotion,  sucli  as  lihe  Volvox,  Oscilla- 
toria,  Zygnema,  and  certain  Monads.  Whether  such  move- 
ments in  plants,  are  due  to  other  causes  than  contractility  is 
not  known ;  a  proper  contractile  tissue  is  certainly  more 
markedly  developed  in  animals,  existing  even  in  the  lowest 
ibrms,  such  as  the  Khizopoda  and  Spongida. 

Thirdly,  there  are  certain  differences  between  animals  and 
plants,  as  regards  their  food,  and  its  mode  of  preparation,  be- 
fore it  is  absorbed.  Thus^  animals  being  locomotive,  usually 
seek  their  food,  whilst  plants,  being  fixed,  find  their  food  at 
the  spot  which  they  inhabit.  But  there  are  sessile  or  fixed 
animals,  and ,  amongst  the  Algse,  moving  plants.  Animals  usually 
i'eed  periodically,  or  at  certain  intervals;  but  plants  much 
more  continuously.  The  food  of  animals  is  both  aoHd  and  fluid, 
and  the  solid  portions  require  to  be  dissolved  by  a  digestive 
process,  previously  to  being  absorbed;  the  food  of  plants 
is  always  presented  to  them  already  in  a  state  of  solution. 
Animals,  as  a  rule,  receive  their  food  into  a  mouth  leading 
to  a  distinct  stomach,  or  into  some  other  internal  permanent 
cavity,  as  in  the  Infusoria,  or  into  a  temporary  cavity  only,  as 
in  the  Amoeba  and  Actinophrys ;  whilst  plants  have  no  stomach 
or  digestive  cavity  at  all,  but  absorb  their  food  directly  at 
some  part  of  their  surface.  But  even  this  obvious  distinction 
ta  not  univerftal,  the  lowest  Protozoa^  viz,  the  Gregarinida,  not 
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(Special  digestive  processes,  unci  are  tlwsi  nssini Hated .  TJit*ae 
foibstancea  are  obtained,  in  the  case  of  eamivoroua  aniinali«| 
fh>tD  other  nnimala;  in  ihe  case  cf  the  He^bivc^r^^  irom  phiuts; 
in  the  c^ise  of  tlie  Dmnivora,  from  teth  sources  j  ultimately 
they  are  alwaye  derived  from  the  vegetable  kingdom.  Oil 
the  other  hand,  the  IockI  of  plantn,  in  addition  to  the  lieeessarj 
valine  mineftil  constituents,  ccnsiats  of  carbonic  acid,  water, 
and  animouift,  whieh  binarj  cbemica)  compounds  tJiej,  hy 
aid  of  their  Tit*- chemical  p?oc?a«e8,  stimulated  by  light  and 
heat,  combine  into  the  carbhydratea,  to  Ibrm  st«rch,  engur, 
gitm^  and  woody  fibre,  the  hydro -cajb on aceom*  oib,  and  thu 
qiUit€37)ary  and  quinary  nitrogenous  albuminoid  bodies,  sucli 
:iA  thein,  legimiin  and  gluten.  Plnntf?,  tlieretbre,  appear  to 
have  the  [jovver  of  formings  a»  the  highest  product  of  tbeir  vital 
prooes&etj,  from  carbonic  acid,  water,  ammonia,  and  sulphur, 
albaminoid  mat  ter^ — a  power  not  fiosftessed  by  an  i  mak .  Plants 
abo  dir^tty  form  the  carbhy*lraiea,  and  [troLiably  from  these, 
lb©  hydrocarbons ;  whilst  if  aniraala  produce  these  bodies,  it  i«'j 
^apposed  to  be  from  the  decomposition  of  albuminoid  sub* 
fitances.  It  has  been  noted  that  the  organic  acida  and  bases 
formed  in  animals,  are  much  fewer  than  those  met  with  in  plants, 
and  that  but  a  small  number  are  common  to  both  kingdoms. 
Lastly ,  the  nature  of  the  chemical  processes  which  occur 
in  the  economy  of  animals  and  plants,  must  necessarily  differ,- 
in  accordance  with  the  difference  in  their  respective  food.  In 
animals,  the  organic  constituents  of  the  food  once  digested, 
absorbed,  and  assimilated,  undergo,  under  the  influence  oT  a 
certain  temperature,  many  changes,  the  tendency  of  all  of 
which  may  be  expressed  by  the  term  oxidation,  oxygen,  derived 
from  without,  being  largely  concerned  in  those  changes,  and  the 
ultimate  products  being,  when  such  changes  are  completed, 
chiefly  water,  carbonic  acid,  ammonia,  and  sulphates.  The  whole* 
of  these  changes  are  analytic.  In  plants,  the  inorganic  consti- 
tuents of  the  food — water,  carbonic  acid,  ammonia,  and  sul- 
phates— once  absorbed,  also  undergo,  under  the  influence  of 
light,  many  changes ;  the  characteristic  of  which  is  deoxidation, 
oxygen  being  given  off  in  the  process,  which  may  be  charac- 
terised as  synthetic.  Plants,  therefore,  build  up  from  the  dead 
or  inorganic  world,  the  organic  materials  of  their  own  fabric, 
and  also  those  which  alone  can  be  converted  into  the  sub- 
stance of  animals ;  whilst  these  latter  restore  to  the  inorganic 
world  the  chemical  elements  which  have  passed  in  succession 
through   the    living  tissues  of  both    plants  and    animals. 
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In  this  way,  indeed,  the  balance  between  the  two  great 
subdivisions  of  the  organic  kingdom  is  maintained,  and  the 
continued  existence  of  both  insured.  The  germinating  em- 
br3cos,  and  the  flowering  parts  of  plants,  however,  give  off 
carbonic  acid  ;  and  so  do  all  the  parts  of  plants,  during  the 
absence  of  light ;  not,  as  may  be  suggested,  in  consequence  of 
a  process  of  oxidation,  but  because  the  carbonic  acid,  which 
then  enters  them  as  food,  is  no  longer  decomposed.  •  It  is  also 
generally  alleged  that  parasitic  and  other  fungi  absorb  car- 
bonic acid  and  give  off  oxygen,  both  during  day  and  night ; 
but,  as  regards  the  day-time,  this  is  doubted  by  some. 

In  conclusion,  the  broad  distinctions  between  animals  and 
plants,  consist  in  the  possession,  by  the  former,  of  true  sensi- 
bility, consciousness,  and  volition;  in  the  further  possession  of  a 
stomach ;  in  their  inability  to  form  albuminoid  compounds,  or 
other  organic  substances,  directly  from  inorganic  materials ; 
and  lastly,  in  their  absorption  of  oxygen,  and  evolution  of 
carbonic  acid.  On  the  other  hand,  plants  are  destitute  of 
volition,  consciousness,  and  true  sensation ;  have  no  stomach ; 
can  form  albuminoid  and  other  organic  compounds  from  in- 
organic matter ;  absorb  and  fix  carbon,  and  give  off  oxygen. 
Lastly,  it  may  be  mentioned  that,  as  a  rule,  animals,  in  accor- 
dance with  their  higher  functions,  possess  not  only  more  com- 
pli:x  ori^^uii^T  b^t  a  much  larger  number  of  component  tissues* 
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a?  grow  by  aecretionj  plants  and  animals  grow  by  means  of 
tiring  proceasefij  whilst  animals  sitrpass  pLajita  by  po^^essing 
sensi^ilitif.  A  closer  inspection  of  tbe  chfiniclera  of  orgatsicj 
imd  inorgaisic  bodies  reveals,  iioweTerj  a  aeries  of  imf)ortant 
diflferencefl^  not  onJy  in  their  form  and  si^e,  but  more  especially 
in  their  chemical  chamctera,  their  stnieture,  the  nature  of  the 
actionis  whi^h  take  place  within  thera,  their  mode  of  formation, 
raaintenatice  and  increase,  their  duration,  and  their  manner  of 
production^  or  reproduction. 

The  firm  of  or]ganic  bodies  1b  always  determinate  ;  tliat  of 
8ome  inorganic  bodiea,  such  us  crj-^^Btals,  is  like  wise  determinate, 
but  this  is  not  an  eosential  charncteriatic,  the  greater  number 
of  them  being  irr^idar  in  form<  Organic  bodice  do  not  pre- 
sent strictly  geomttricrd  forms,  and  have  more  or  less  curved 
outlines  and  surfaces;  whilitj  us  a  rule,  inorganic  bodies, 
when  of  determinate  shape,  have  geometrical  Ibrms,  plane 
surfaces,  and  straight  Outlines ;  but  there  are  a  few  exceptions 
of  crystals  having  curv^ed  surfaces,  viz.  the  diamond,  dolomite, 
and  spathic  iron  ;  and  inanimate  matter  sometimaa  presents  a 
tenrlcncy  to  asstime  a  more  or  less  spheroidal  shape.  Th<* 
simplest  forms  of  organic  bodies  present  a  universal  tendency 
to  a  spheroidal,  oval,  or  ovoid  shape ;  but  linear  forms  prevail 
in  the  more  highly  developed  species ;  ramification  and  repe- 
tition of  parts  are  common,  and  very  frequently  spiral  forms 
are  seen,  either  in  parts  or  in  entire  organisms.  A  bilateral 
symmetry  is  likewise  almost  always  apparent ;  though  this 
also  is  met  with  in  the  inorganic  crystalline  bodies.  The 
irr^ularly  formed  inorganic  bodies  have  irregular  surfaces, 
and  are  without  symmetry. 

In  size,  organic  bodies  are  determinate,  each  species  within 
certain  dimensions.  Inorganic  bodies  having  crystalline  forms, 
are  also  limited  in  size,  but  they  exhibit  wider  individual 
deviations  in  this  respect ;  whilst  the  non-crystalline  inorganic 
bodies  have  no  determinate  bulk. 

Organic  bodies  contain  no  chemical  elements  beyond  those 
which  are  found  in  the  inorganic  world;  but  the  total  number  of 
elements  contained  in  all  the  organic  compounds,  is  fewer  than 
that  of  those  contained  in  the  mineral  kingdom.  Organic 
bodies  present  a  striking  miiformity  of  composition ;  most  of 
them  being  ternary,  consisting  of  carbon,  hydrogen,  and  oxygen ; 
a  certain  number  quaternary,  containing,  in  addition,  nitrogen ; 
and  a  few  only,  absolutely  essential  to  organisation,  quinary, 
containing  likewise  sulphur  or  iron.     Inorganic  bodies,  on  the 
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Other  hand,  exhibit  a  far  greater  variety  in  their  component 
elements ;  they  abjo  present  a  greater  variety  in  their  atomic 
constitution,  being  not  only  ternary,  quaternary,  or  quinary, 
but  frequently  binary  or  simple. 

The  com|x)und  chemical  substances  contained  in  or  derived 
from  organised  bodies,  are  named  organic  compounds,  and  are 
treated  of  in  so-called  Organic  Chemistry,  Their  chemical  con- 
stitution is  more  complex  than  that  of  inorganic  substances, 
and  their  properties  are  more  various.  Though  compoHed 
of  but  a  few  elements — chiefly,  as  already  stated,  of  these 
tour,  carbon,  hydrogen,  oxygen,  and  nitrogen— they  are 
characterised  by  the  high  number  of  atoms  of  those  ele- 
ments, which  enter  into  their  composition ;  so  that  e.  g. 
whilst  only  one  atom  of  carbon,  or  two  of  hydrogen,  are  com- 
bined with  oxygen  to  form  carbonic  acid  and  water,  no 
less  than  six  atoms  of  carbon,  twelve  of  hydrogen,  and  six 
of  oxygen,  enter  into  the  formation  of  grape  sugar.  The 
molecules  of  organic  substances,  i.  e.  the  aggregate  of  all  the 
atoms  of  each  element  which  they  contain,  are  therefore  large^^ 
than  the  molecules  of  inorganic  chemical  compounds.  In  both 
organic  and  inorganic  chemistry,  certain  radicals  are  supposed 
to  enter  into  combination  in  fixed  proportions,  with  some 
single  element,  such  as  oxygen,  chlorine,  or  even  a  metal.  In 
organic  chemistry,  such  radicals  are  always  compound^  consist- 
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fluence  of  carbonate  of  potash,  to  form  cyanogen  (in  cyanide  of 
potassium),  which,  decomposing  with  water,  yields  ammonia. 
Again,  tartaric  and  oxalic,  and  some  other  organic  acids,  and 
even  alcohol,  have  been  made  artificially  by  a  series  of  syntiietic 
steps,  without  the  intervention  of  any  vital  process,  or  the 
employment  of  any  organic  substance,  or  the  product  of  any 
previous  vital  action.  Thus,  acetylene  (CsH2)  is  formed  by 
electric  sparks  passed  from  carbon  points  through  hydrogen 
gas ;  this  acetylene  is  made  to  combine  with  copper,  and  then, 
when  subjected  further  to  the  action  of  nascent  hydrogen, 
produces  ethylene  (C2H4)  ;  the  ethylene,  united  with  sulphuric 
acid,  forms  a  compound  (C3H4SO4),  which,  when  diluted  with 
water  and  distilled,  gives  off  alcohol  (CaH^O).  It  would 
therefore  seem  possible  that  other  and  higher  so-called  organic 
compounds,  such  as  sugar,  quinine,  and  even  albumen,  may 
hereafter  be  artificially  produced  from  inorganic  materials  only. 
These  researches  already  suffice  to  show  that  the  ayrUhetic 
actions,  by  which  plants  build  up  organic  substances  from 
inorganic  elements,  are  similar  in  nature  to  those  which  have 
been  devised  by  man;  and  that,  accordingly,  the  chemical  mole- 
cular attractions  employed  or  operating  in  each,  are  identical. 
So  also,  the  analytic  or  decomposing  processes  of  the  chemist, 
are  paralleled  in  the  laboratory  of  the  living  organic  world ; 
for  sugar  in  solution,  at  certain  temperatures,  under  the 
influence  of  the  yeast  fungus,  Torula  cerevisice  (supposed  to  be 
one  form  of  the  Penicilimin  ^/aiicw^/w),  produces  alcohol;  at 
lower  temperatures,  under  the  action  of  the  vinegar  plant, 
Mother,  or  Mtjcodervia  aceti  (said  to  be  anotlier  ibrm  of  Peni- 
cillium  glaucum),  it  yields  acetic  acid;  and  in  the  presence* 
of  Oidium  lactis  (likewise  referred  by  some  to  the  same  fungus), 
lactic  acid.  These  iacts,  moreover,  lurnish  proof  of  the  identity 
of  the  chemical  force  acting  in  the  organic  world,  and  that 
which  is  artificially  set  in  operation  by  man. 

Furthermore,  organic  bodies,  with  the  large  number  of  their 
atoms,  and  their  complex  molecular  constitution,  are  extremely 
liable  to  decompoaitioii,  as  exhibited  in  various  ways;  thus 
they  are,  for  the  most  part,  unstable  or  prone  to  putrefaction, 
though  it  must  be  admitted  that  there  are  likewise  inorganic 
compounds  of  most  unstable  character.  The  action  of  heat  on 
organic  compounds  is  invariably  completely  destructive,  their 
elements  being  resolved  into  other  and  simpler  compounds, 
such  as  the  products  of  destructive  distillation  or  decomposition, 
which,  on  the  withdrawal  of  heat,  do  not  reunite  to  Ibnn  the 
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original  complex  organic  substance ;  wood,  e.  g.  gives,  by  dis- 
tillation, tar,  methylic  alcohol,  benzole,  acetone,  acetic  acid, 
and  certain  gaseous  substances;  and,  if  completely  burnt, 
yields  carbonic  acid  and  water,  which  substances  do  not  reunite 
to  form  wood.  Most  inorganic  bodies  are  comparatively  stable, 
and  do  not  undergo  putrefaction ;  moreover,  though  always 
changed  in  condition,  and  frequently  decomposed,  when  sub- 
jected to  the  action  of  elevated  temperatures,  they  may,  and 
often  do,  relapse  into  their  original  state  when  the  temperature 
is  again  lowered. 

Organic  bodies  are  still  further,  and  more  distinctly,  charac- 
terised by  their  structure,  which  is  always  heterogeneous. 
Thus,  organic  bodies  are  composed  of  different  parts  named 
organs  and  tissues,  each  bearing  a  certain  relation  to  the  rest, 
having  peculiar  uses,  and  consisting  of  a  mixture  of  solid, 
fluid,  and  even  gaseous  materials,  and  not  exclusively  of  one 
or  other  condition  or  kind  of  matter ;  the  solids  serve  to  sup- 
port and  hold  together  the  organs  or  tissues,  and  to  contain 
the  fluid  parts ;  whilst  the  fluid  parts,  which  hold  the  gases  in 
solution,  are  necessary  for  the  diflFiision  of  nutritive  materials 
amongst  the  solids.  The  organs  and  tissues  themselves  are  not 
homogeneous,  but  also  consist  of  organic  structural  elements, 
frequently  of  the  so-called,  vesicular,  or  naked,  nucleated  cells, 
iuid  other  paxta,  exhibiting  minute  but  regular  and  definite 
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by  the  eye  or  by  the  microscope  ;  its  substance,  even  to  the 
minutest  molecule,  is  homogeneous,  although  a  few  examples 
occur  of  crystallised  bodies,  such  as  ice,  having  minute  drops 
of  fluid  or  gaseous  matter  confined  in  little  chasms  in  their 
interior.  But  inorganic  bodies,  generally,  are  composed  either 
of  solid,  liquid,  or  aeriform  matter,  the  particles  of  which  are 
simply  held  together,  or  are  intermingled. 

The  heterogeneous  composition  or  structure  of  organic 
bodies,  as  compared  with  the  homogeneous  substance  of  the 
molecules  of  inorganic  bodies  of  the  most  regular  form,  such 
as  crystals,  is  connected  with  the  tendency  and  necessity  of 
the  former,  during  their  life,  to  undergo  ceaseless  internal 
motion^  and  constant  change ;  whilst  the  latter,  when  once 
Ibrmed,  may  remain  unchanged  for  an  indefinite  period  of 
time.  The  inmost  substance  of  an  organic  body  continually 
suffers  those  changes—changes  of  absorption  and  assimilation 
of  new  material,  and  removal  of  old  material — which  consti- 
tutes the  very  essence  of  vital  action  ;  whilst  the  material  of 
an  inorganic  body,  so  long  as  it  preserves  its  individuality, 
continues  unaltered.  An  organic  body  is  nourished  and 
grows ;  an  inorganic  body  merely  increases  in  size.  The  nu- 
trition and  growth  of  an  organic  body,  are  accomplished  by  an 
interstitial  process  of  waste  and  repair,  and  by  evolution  of 
new  elementary  parts,  both  processes  depending  upon  a  de- 
posit and  accretion  of  new  selected  material  around  or  within 
each  elementary  constituent  of  its  organised  structure,  or,  as 
it  has  been  said,  by  intussusception ;  whilst,  on  the  other 
hand,  the  inorganic  body,  whether  crystalline  or  non- crystal- 
line, simply  increases  by  the  juxUiposition  or  superaddition  of 
like  matter  upon  its  surface,  i.  e.  by  an  accretion  to  its  general 
or  external  surface  only. 

Organic  bodies  possess,  in  their  perfect  condition,  powers 
which  are  only  called  into  activity  by  stimuli,  under  the 
influence  of  which  they  react,  as  in  the  case  of  the  germ,  or 
seed.  These  powers  do  not  last  indefinitely  ;  but  they  may  re- 
main dormant  for  a  long  period,  even  lor  thousands  of  years,  in 
the  ciise  of  seeds,  without  being  extinguished.  Inorganic  bodies 
retain  their  own  properties,  however,  for  indefinite  periods. 

Organic  bodies,  manifesting  life,  are  subject  to  the  conditions 
of  health  and  disease.  Moreover,  their  duration  is  limited ; 
the  individual  animal  or  plant,  however  complex,  or  liowever 
simple,  ultimately  dies ;  wliilst  inorganic  bodies  either  remain 
unchanged,  enduring  indefinitely,  or,  if  they  undergo  decom- 
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position,  it  is  in  order  that  their  elements  may  assume  condi- 
tions of  more  perfect  stability. 

To  maintain  the  continued  presence,  on  the  earth,  of  organic 
bodies,  which,  subject,  as  they  are  to  individual  death,  have  a 
limited  duration,  the  reproduction  of  the  species  is  provided  for. 
Hence  the  last  characteristic  of  organic  bodies,  as  compared 
with  inorganic,  is  this :  that  they  are  all  derived  ^m  pre* 
viously  existing  parents  or  stocks,  by  ova,  germs,  gemmules, 
buds,  seeds,  or  spores.  Spontaneous  generation,  which  will  be 
hereafter  discussed,  has  not  yet  been  proved  to  occur  in  regard 
to  any  organic  body,  animal  or  vegetable.  Organic  bodies  go 
through  a  cycle  of  changes,  both  of  form  and  composition. 
They  are  nourished,  grow,  and  are  continually  changing  their 
substance  and  shape ;  they  attain  perfection,  give  rise  to  new 
individuals  like  themselves,  and  then  die.  No  such  cycle  of 
change  and  reproduction  is  observed  in  regard  to  any  in- 
organic body. 


159 


SPECIAL   PHYSIOLOGY. 

TQE  ANIMAL   FUNCTIONS. 

These,  as  already  explained,  are  Motion;  Sensation,  common 
and  npecial;  the  Regulation  of  Movement;  and  the  higher 
Psjrchical  functions. 

MOTION. 

All  power  of  intrinsic  self-movement,  or  spontaneous  action, 
in  man  and  animals,  depends  either  on  muscular  contractilily, 
that  particular  form  of  contractility  possessed  by  a  specially 
organised  tissue,  the  mrscular  tissue,  on  the  so-called  ciliary 
motion  exhibited  by  the  minute  vibrating  organs  called  cilia, 
or  on  the  less  common  and  obvious  actions  of  contractile  sar- 
codous  cells,  or  still  simpler  masses  of  protoplasm.  General 
movements  are  impressed  on  living  animal  bodies,  as  well  as 
on  dead  ones,  by  the  force  of  gravitation,  and  these  movements 
enter,  as  it  were,  into  their  various  locomotive  or  other  acts, 
especially  in  progression,  whether  this  be  terrestrial,  aquatic, 
or  aerial.  Gravitation  also  influences  the  special  movements 
of  the  limbs  and  other  parts  of  the  living  body. 

The  physical  force  resulting  from  the  recoil  of  the  yellow 
elastic  tissue,  which  is  so  frequently  employed  in  the  animal 
economy,  likewise  assists  in  the  intrinsic  movements  of  many 
parts;  but  this  tissue  cannot  properly  be  regarded  as  an  original 
source  of  motion,  for  it  must  first  be  extended,  before  it  can 
act,  and  this  extension  is  accomplished,  either  by  gravity  or 
by  muscular  effort. 

There  likewise  occur  in  certain  fluids  and  tissues  of  the 
body,  when  examined  under  the  microscope,  movements  of  a 
tremulous  character,  named  molecular  moveinenta^  as  in  the  fine 
particles  or  molecular  basis  of  the  chyle,  in  pigment  granules 
suspended  in  fluid,  or  in  these  or  other  minute  granules  con- 
tained in  the  interior  ol'  cells.     These  movements  are  purely 
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physical,  and  may  be  observed  with  the  microscope,  in  any 
very  minute  particles  of  dead  matter  sufficiently  light  to  float 
in  a  fluid. 

Still  more  recondite  molar  and  molecular  movements,  of  a 
])hy8ical  and  chemical  kind,  occur  in  the  transference  of  dis- 
solved material  by  osmosis  and  dialysis  through  the  body  ;  in 
the  transmission  of  sensory  and  motor  impressions  along  the 
nervous  substance  ;  in  the  passage  of  electrical  currents  through 
the  tissues ;  and,  lastly,  in  the  intimate  and  incessant  changes 
of  nutrition.  These  movements,  thus  grouped  together,  are 
vito-chemical  orvito-physical ;  and  belong  to  a  class  in  which 
perhaps,  hereafter,  even  muscular,  ciliary,  sarcodic  and  pro- 
toplasmic movements  will  find  their  place  and  affinities. 


MUSCULAR   CONTRACTILITY. 

Contractility,  speaking  generally,  is,  as  we  have  seen,  that 
property  by  which  a  living  tissue  is  capable  of  shrinking  in 
certain  directions,  so  as  to  undergo  a  spontaneous  change  of 
form.  The  muscular  contractility,  muscular  irritahilityy  vis 
musculosa,  or  vis  insita,  is  possessed  by  all  the  forms  of 
muscular  tissue,  viz.  the  striped  muscular  fibre,  the  plain  or 
unstriped  fibre,  and  the  contractile  fibre-cells.  This  most 
important  vital  property,  when    callud    into   play,  produces 
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a  aharp  knock  on  a  muscle  in  the  living  bod  j ;  heat  or  cold, 
especially  sadden  changes  of  temperatnre,  also  act  as  stbnnli ; 
the  chemical  stimuli  are  acids,  alkalies,  or  mineral  salts ;  v^ie- 
table  irritants  also  act,  such  as  mustard ;  electrical  stimuli,  sudi 
as  the  galvanic  current,  and  electrical  shocks ;  and,  lastly,  the 
Txtal  stimuli,  originating  in,  or  acting  through,  the  nervous 
system,  such  as  tibe  reflex,  emotional,  ideational,  and  volitional 
stimuli.  It  is  by  means  of  these  vital  stimuli  that  the  muscular 
tissues  are  most  frequently  excited  to  contract  in  the  living 
bo^. 

ThieBe  stimuli  may  be  implied  either  directly  to  the  muscles, 
or  indirectly  through  the  nerves;  thus,  when  the  prepared 
hind-limb  of  a  frog  is  so  removed  from  the  body,  that  a  por- 
tion of  the  sciatic  nerve,  in  an  uninjured  state,  projects  from 
its  upper  end,  a  mechanical,  chemical,  or  electrical  stimulus 
may  be  applied  either  directly  to  the  muscles,  and  will  make 
them  ccmtract,  or  they  may  be  applied  indir^stly  to  the  pro- 
jecting nerve,  with  the  same,  and  even  with  more  striking 
efiect,  so  long  as  the  nerve  retains  its  own  vital  properties.  In 
the  former  case  the  contraction  is  named  tdio-muscular ;  in  the 
latter,  Jiairo-muscular,  The  nerve  itself  is  said  to  conduct 
the  stimulus  to  the  muscle  ;  but,  as  we  shall  hereafter  see,  the 
nerve  is  probably  excited  by  the  stimulus,  a  certain  change 
takes  place  in  it,  and  this  change  is  propagated  along  the 
nerve.  Even  in  the  so-called  direct  stimulation  of  a  muscle, 
the  nerves  contained  within  it  may  be  concerned,  so  as  to 
constitute  that  also  a  case  of  indirect  stimulation. 

Certain  chemical  stimuli,  such  as  alkaline  solutions,  act 
equally  well,  if  applied  either  to  the  muscle  or  to  the  nerve  ; 
some,  such  as  alcohol,  creosote,  and  lactic  acid,  act  almost  solely 
through  the  nerves ;  whilst  others,  as  sulphate  of  copper  and 
ammonia,  operate  powerfully  and  almost  exclusively  on  the 
muscle,  but  hardly  at  all  through  tlie  nerve.  Over-stimulation 
as,  for  example,  repeated  electrical  and  powerful  discharges, 
temporarily  destroys  the  contractility.  So  likewise  portions  of 
muscle  subjected  to  extreme  weight  lose  their  contractility, 
^loderate,  but  numerous  and  rapid,  electric  shocks  produce 
a  state  of  continuous  contraction,  known  as  tetanus ;  in  the 
frog,  at  least  15  shocks  per  second  are  necessary  to  tetanise  the 
muscles ;  with  about  100  shocks  per  second  the  tetanus  ceases, 
but  it  is  again  induced  by  increasing  the  strength  of  the  current. 
A  uniform  continuous  current  does  not  maintain  the  original 
amount  of  contraction,  the  muscle  gradually  lengthening  again 
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somewhat.  A  muscle  exhausted  bj  long  continued  stimula- 
tion, recovers  its  contractility  after  sufficient  rest ;  this  is  also 
true  of  muscles  recently  separated  from  the  body.  But  in 
atrophied  muscles,  in  which  the  transverse  sti-iae  are  destroyed, 
and  the  whole  fibre  filled  with  fat  particles  (fatty  d^eneration), 
there  is  no  contractile  power  remaining. 

The  phenomena  which  characterise  muscular  contraction, 
have  been  chiefly  studied  in  the  striped  muscular  fibres  of 
animal  life.  The  act  of  contraction  iwually  begins  at  either 
end  of  a  fibre,  but  often  at  one  or  more  intermediate  spots. 
When  a  single  fibre  imdergoes  contraction,  a  slightly  ds3*ker 
npot  first  appears  at  some  point  of  its  border ;  this  spreads  across 
the  whole  diameter  of  the  muscle,  and,  on  careM  examina- 
tion, it  is  seen  that  the  transverse  stria  become  finer,  and  are 
drawn  closer  together,  becoming  twice  or  even  four  times  as 
close  as  in  the  relaxed  fibre ;  this  action,  the  limits  of  which 
are  well  defined,  then  continues  to  spread  each  way  through 
the  fibre,  by  a  wave-like  progression,  parts  of  tlie  fibre  be- 
coming contracted,  whilst  other  parts  are  assuming  a  relaxed 
form.  The  changes  thus  described,  and  the  accompanying 
approximation  of  the  transverse  striae,  appear  to  be  due  to  a 
corresponding  shortening  of  all  the  component  fibrils  of  a 
single  fibre,  and  the  general  result  is  a  shortening  of  the  whole 
fibre,  which,  at  the  same  time,  becomes  thicker  in  its  contract- 
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bulk,  indicftted  by  a  &U  in  the  lerel  of  the  wmter  in  the  up- 
xi|^  tubes,  has  been  noted.  By  znoHt  obeenrera  (Pre- 
r%Mf  Bomaa^  Mattenci,  Sharpey)  it  is  stated  that  no  dimi- 
nvtMn  of  hvik  ooours  under  such  circnmstanoes,  but  according 
to  Brmann,  Weber,  and  Valentin,  a  diminution,  scarcely 
pevoeptible  in  careful  experiments,  amoTmtmg  only  to  from 
tvHt  ^  Tvimr  ^  ^®  ^^^  of  the  contracting  muscles,  takes 
plaftfi 

When  a  muscular  fibre  relaxes,  it  resumes  its  previous 
length,  and  at  the  same  time  diminishes  in  thickness ;  and  if 
ita  pofaits  of  attachment  remain  stationary,  or  at  the  same  dis- 
tance fipom  each  other,  the  fibre  is  thrown  necessarily  into  zig- 
ng  flexions,  npecially  noticed  by  Prevost  and  Dumas,  and  at 
first  enconeousiy  supposed  to  be  produced  in  the  active  state  of 
tlM  muade,  and  to  account  far  its  shortening.  During  con- 
tnetion,  the  ssrcolemma  of  each  fibre  is  passLTe,  and  is  either 
thBOFwn  into  minute  iblds,  or  else  dic^lays  a  feeble  elasticity* 
Tbe  emtractile  property,  indeed,  resides  entirely  in  the  sarcode, 
or  peculiar  fibrillar  contents  of  the  tube  of  the  larcolemma. 

According  to  Helmholz,  the  contraction  of  a  muscle  is  not 
instantaneous,  but  a  certain  interval  of  time,  about  y^T^th  to 
^^th  of  a  second,  elapses  between  its  stimulation  by  electricity, 
and  its  actual  contraction ;  this  he  names  the  period  of  latent 
corUractioTij  or  excitation.  The  muscle  at  first  contracts  quickly, 
then  more  slowly ;  and  it  takes  a  longer  time  when  powerful 
contractions  are  excited.  The  velocity  of  the  wave  of  contrac- 
tion, in  the  firog's  muscle,  is  about  forty  inches  per  second 
( Aby).  The  rate  of  motion  along  any  particular  muscular  fibre 
is  such,  therefore,  that  its  contraction  may  be  regarded  as  almost 
simultaneous  firom  one  end  to  the  other.  But  there  is  reason 
to  suppose  that  in  any  given  muscle,  certain  fibres  are  imder- 
going  contraction  whilst  others  are  at  rest,  an  alternation  of 
labour  which  would  enable  a  muscle  to  maintain  a  longer 
effort  with  lesa  exhaustion  or  fatigue. 

The  amount  of  contraction  which  occurs  in  a  detached  frog^s 
muscle  is,  according  to  Weber,  from  50  to  60,  or  even  80  per 
cent,  of  its  length  ;  that  is  to  say,  the  muscle  shortens  to  one- 
half,  or  even  to  one-fiflh,  of  its  length.  In  the  living  animal 
and  man,  owing  to  the  resistance  of  antagonistic  muscles,  and 
to  the  structure  of  the  joints,  the  muscles  shorten  them- 
selves only  about  one-third  of  their  length. 

In  the  frog^s  muscle,  the  maximum  amount  of  shortening 
takes  place  when  the  contraction  is  sudden,  when  the  muscles 
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are  not  fatigued  by  previous  stimulation,  and  when  the  resist- 
ance offered  by  weights  appended  to  them  is  slight. 

The  striped  and  unstriped  muscular  fibres  present  certain 
peculiarities  in  their  action,  and  so  do  the  muscles  of  the  heart. 
Thus,  when  the  heart  is  artificially  excited  at  any  one  point, 
a  rapid  and  powerful  contraction  of  a  large  part  of  its  walls 
ensues,  quickly  followed  by  relaxation,  and  then  by  a  succes- 
sion of  contractions  and  relaxations.  When  similarly  excited, 
the  unstriped  muscular  tissue  of  the  intestines  contracts  more 
slowly,  but  more  permanently.  In  non-striated  muscles  gene- 
rally, the  contractions  induced  by  electrical  discharges  are 
partial  or  local,  slowly  induced,  sometimes  interrupted,  and 
last  afler  the  stimulus  is  removed ;  but,  in  the  striated  mus- 
cles, rigid,  general  contractions  quickly  occur,  continue  so 
long  as  the  stimulus  is  applied,  and  cease  suddenly  on  its  with- 
drawal. Contractions  induced  indirectly  through  the  nerve- 
trunks,  are  more  sudden,  general,  and  energetic,  than  those 
occasioned  by  direct  stimulation  of  the  muscle.  Some  in- 
voluntary muscular  fibres  are  more  easily  and  powerfully 
excited  than  others,  as,  for  example,  those  of  the  intestines,  as 
compared  with  those  of  the  gall  bladder  and  die  ureters,  even 
cold  air  being  sufficient  to  induce  contractions  in  them.  The 
peculiarities  now  described,  are  manifested  also  in  the  ordinary 
actions  of  the  different  kinds  of  mu&eular  tissue  during  life. 
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Vhe  force  with  whick  a  yoluntary  muncle  contracts,  is  very 
great,  much  greater  thaii  the  meebunical  resbtimce  afi^ered  by 
a  (lead  uitiiM^le.  It  is  equal  to  tbe  litling,  through  a  minute 
dutanoe,  of  Ji  masa  sixteen  to  B£?venteen  thom^^^nd  times  its  own 
welglit ;  but  as  the  distance  is  increaaed,  the  weight  iiited  i^ 
dliuiniRhed,  This  force  is  exerted  more  fiivounvbly  at  the  com* 
toanoeiuent  of  conti^ictiou,  and  graduiilly  diminLshe?  to  zero,  aa 
tiiid  muscle  shortens  to  its  extreme  degree.  The  ajncmnt  of 
Jbrc€  depends  on  the  munber  of  the  contmctiug  fibrea,  whilst 
the  degt^ee  of  shortening  deijenda  ou  the  kntjth  of  tkm& 
fibres. 

In  aider  tbat  a  muscle  should  act  properlj,  its  temperature 
ma^  be  at  a  due  elevation^  its  auppl?  of  blood  must  be 
sufficient  ill  quantity  aud  of  proper  qtndit}%  and  its  nutrition 
amply  provided  for  in  the  intervals  of  contraction.  Arterial 
blood  is  essential  to  the  healthy  maintenance  of  muscular  con* 
tractility.  If  the  moscles  be  subjected  to  excessive  heat^  i 
be  expcvned  to  extreme  cold,  thej  will  be  in  the  farmeir  i 
exhausted,  and  in  the  latter  benumbed*  If  the  artery  sup- 
plying a  muscle,  or  set  of  Tmt?M:'les  be  tied^  t!ieir  contractile 
power  is  destroyed ;  and  if  the  blood  be  venous,  or  charged 
with  carbonic  acid,  it  will  impair  or  destroy  their  irritability. 

When  a  muscle  ceases  to  act,  it  relaxes,  or  again  elongates 
more  or  less,  according  to  the  position  of  the  bones  to  which 
its  ends  are  attached ;  and  muscles  evidently  possess  a  certain 
amount  of  flexibility  and  elasticity^  or  resilient  power,  to  adapL 
them  to  the  changing  positions  of  the  limbs  at  the  joints,  and 
to  the  various  conditions  of  length  rendered  necessary  by  those 
changes,  even  when  the  muscular  fibres  are  in  a  state  of  inac- 
tion. The  elasticity  of  muscular  tissue  is,  however,  very 
alight,  and  it  diminishes  during  contraction.  It  would  seem 
to  be  much  greater,  but  much  less  perfect  in  its  action,  in 
the  dead  than  in  the  living  muscle.  Thus,  a  dead  muscle 
requires  a  greater  force  to  stretch  it,  but,  imlike  a  living 
muscle,  does  not  return  to  its  original  length  when  the  force 
is  removed.  A  living  portion  of  muscle  undergoes  an  exten- 
sion or  elongation,  when  a  certain  weight  is  appended  to  it ; 
the  amount  of  elongation  with  moderate  weights^  is  propor- 
tioned to  the  weight,  but,  with  greater  weights,  the  effect  is 
no  longer  proportional;  in  dead  muscle,  and  also  in  para- 
lysed muscles,  the  relative  elongation  is  less.  The  physical 
cohesive  power y  or  absolute  strength  of  muscular  tissue,  in- 
creases up  to  the  adult  condition,  and  then  diminishes.  It  is  said 
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to  be  greater  during  the  so-called  rigor  mortis,  but  it  decreases 
some  time  after  death,  when  the  muscles  tear  more  easily. 

After  a  muscle  has  contracted  a  certain  number  of  times,  a 
sense  of  fatigue  or  exhaustion  is  experienced  in  it, — a  sensa- 
tion which  must  be  transmitted  to  the  sensorium  through  the 
special  sensory  nerves  of  the  muscle.  It  is  these  nerves  also 
which  must  convey  to  the  mind  accurate  information  concern- 
ing the  condition  of  the  muscle,  and  the  amount  of  effort 
which  it  puts  forth  in  any  particular  action.  It  is  also  by 
these  nerves  that  the  impressions  which  cause  the  sense  of  pain 
in  cramps,  or  other  morbid  conditions  of  muscle,  are  conveyed 
to  the  brain.  That  kind  of  sensation,  which  informs  us  of  the 
amount  of  action  in  a  muscle,  is  ciiUed  the  muscular  sense  ;  it  is 
by  this  that  we  judge  of  different  weights,  and  are  able  to 
maintain  continued  muscular  effort.  The  other  muscular  sen- 
sations are  probably  only  modifications  of  this  sense. 

When  a  muscle  is  quite  fatigued,  it  requires  rest  or  repose 
for  the  recovery  of  its  exhausted  irritability.  Excessive  exer- 
cise of  a  muscle,  with  due  intermediate  intervals  of  rest,  in- 
creases, not  only  its  contractile  power  and  facility  of  action, 
but  also  tends  sooner  or  later  to  an  over-nutrition  and  in- 
creased development  of  its  bulk,  or  hypertrophy,  probably,  as 
is  supposed,  from  an  increase  in  the  size  of  its  individual 
iibre«,  and  not  by  the  addition  of  now  ones.     If,  on  the  other 


XVSCDLAB  CONTR^CTILITT.  169 

The  miiBciiIar  contractility  is  not  eztingoished  immediatelj 
after  deaths  but  is  retained  for  different  periods  by  different 
mnades,  and  in  different  animals.     For  example,  in  the  cold- 
blooded vertebrata,  the  reptiles,  frogs,  and  fishes,  it  may  last  for 
many  hours,  or  even  for  days ;  a  turtle's  heart  has  been  kno^m 
to  beat  three  days  after  the  death  of  the  animaL     In  warm- 
blooded vertebrata,  man,  quadrupeds,  and  birds,  the  irrita- 
bility ceases  a  few  hours  after  death,  soonest  of  aJl  in  birds.. 
The  irritability  lasts  longer  in  animals  just  bom,  and  in  hyber- 
nating  animals  killed  in  the  winter  during  their  sleep.    The 
more  active  the  respiration,  the  more  active  the  muscular  irri- 
tability; but  the  more  dependent  also  is  this  irntability  upon 
the  respiratory  process,  and  hence  its  speedier  extinction  in 
animals  the  respiration  of  which  is  active,  and  its  longer  duration 
in  those  the  respiratory  changes  of  which  are  of  a  feebler  charac- 
ter.   In  the  human  body,  the  irritability  lasts  longer  in  certain 
muscular  parts  than  in  others ;  it  disappears  first,  in  the  left 
ventricle  of  the  heart,  then,  in  succession,  in  the  intestines^ 
stomach,  urinary  bladder,  and  right  ventricle  of  the  heart,  in 
all  which  parts  it  is  lost  before  the  expiration  of  an  hour.     It 
afterwards  expires  in  tlie  voluntary  muscles,  first  in  the  trunk, 
then  in  the  lower  limbs,  and  lastly  in  the  upper  limbs.     It  con- 
tinues still  later  in  the  left  auricle,  and  latest  of  all  in  the  right 
auricle  of  the  lieart,  the  vltunvni  moriens  of  Galen.      It  is 
totally  lost  within  seventeen  hours  after  death.     The  contrac- 
tility is  said  to  be  destroyed,  sometimes  immediately,  in  cases 
of  death  by  lightning,  or  by  violent  injuries  to  the  nervous 
centres.     It  disappears  early  in  cases  of  poisoning  l)y  airbonic 
acid  gas,  or  sulphiu-etted  hydrogen.     Cold  air  or  water,  and 
narcotic  agents,  taken  internally,  are  said  to  hasten  its  depar- 
ture.    Narcotic  solutions,  morphiJi,  cyanide  and  other  salts  of 
potassium,  and  the  upas  poisc^n  injected  into  the  blood,  also 
lessen  or  destroy  it,  and  much  more  rapidly  and  effectively 
when  directly  applied  to  the  muscles,  though  not  necessjirily 
when  applied  only  to  the  nerves.     Immersed  in  sulphurous 
acid,  hydrogen,  carbonic  oxide,  and  carbonic  acid  gases,  the 
muscles  lose  their  contractility  partly  or  entirely.     Venous 
blood,  wliich  contains  much  carbonic  acid,  acts  as  a  poison, 
lessening  their  irritability ;  whilst  oxygen  and  arterial  blood 
preserve  it,  and.  the  latter,  defibrinated  and  injected  into  a  limb 
recently  dead,  will  even  restore  the  irritability  afler  it  has  been 
susjKjnded      Contractility,  as  already  stated,  is  wholly  lost  in 
atrophied  muscle. 
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Phenomena  accompanying  Muscular  Contraction. 

Certain  important  phenomena  accompany  those  changes  of 
form  and  condition  in  the  muscles,  which  constitute  their  so- 
called  contraction.  In  the  first  place,  there  is  a  sound  pro- 
duced by  the  contraction  of  muscles,  which  may  be  easily 
heard  by  placing  one  finger  so  as  to  close  the  ear,  resting  the 
elbow  upon  a  table,  and  then  contracting  the  muscles  of  the 
fore-arm.  This  sound  has  been  well  compared  to  the  rumbling 
noise  of  distant  carriages,  and  is  called  tlie  muscular  sound ;  it 
is  probably  owing  to  the  friction  of  the  contracting  fibres 
against  each  other ;  its  vibrations  are  said  to  be  from  thirty- 
two  to  thirty -six  per  second. 

Another  phenomenon  accompanying  muscular  contraction  is 
tlie  production  of  heat.  The  fact  may  be  shown  by  direct  ex- 
periments with  the  thermometer;  but  the  exact  amount  of 
elevation  of  temperature  can  be  more  accurately  measured  by 
means  of  a  thermo-electric  apparatus,  of  which  the  contract- 
ing muscle  forms  a  part. 

If  a  metal  ring  be  made  of  a  semicircle  of  copper  wire,  and  of  another 
of  iron  wire,  soldered  together  at  their  ends,  and  if  one  of  the  points  of 
junction  be  made  hotter  or  colder  than  the  other,  then  thermo-electric 
currents,  i.  e.  currents  of  electricity  developed  by  heat,  are  produced  in 
the  compound  metallic  ring.  By  introducing  a  needle  ^vanometer  in 
tJie  cimiijt  of  tb*)  rinjZj  the  direct imi  iind  joree  of  sucii  eurrcnta  e-^xn.  be 
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tke  lefL     Naw  it  is  obvious  Unit  if  the  wire^  along  wliicli  the  etirront  in 
mAilf  to  pas»,  be  1>eQt  into  an  obTong  boriz/cintal  lixtp,  withio  wliich  tbu 
D'^tfdle  is  BOBpeDded,  so  that  th^  curreDt  pa^i^t'9  Jrom  thi$  spectator  abotr0  ^ 
the  nerdlg,  And  retums  toward  ft  him  mtdtr  it,  thct  fatv^  whioh  cAwsm  lh» 
iie«dle  to  deflect  tow:ard!i  the  luft  hand,  ia  doubled;  brMiflius*^  the  depart- 
ing comfit  aboTe  the  needJe*  And  tho  returning  current  below  itt  Wt« 
botli  ii  tDndency  to  njake  th?  n€k?<il(j  d^floct  ia  the  wame  dip«;tion,  i.  ©,  to 
tlie  I'^ft.     By  covering,  and  bo  insulating  the  wife,  and  hj  mnltiplying  iU 
drpftrtiiig  imd  ptsturaiDg  bentis,  hj  coiling  it  up  an  immenae  oimiber 
of  t3mm  into  the  tequired  oblong  loop,  within  whieh  the  ne^edle*  may 
be  mspeadfd,  the  deflct'ting  fore©  is  utill  morp  powerfully  inerejiswl; 
and  i&  thi«  wiij,  with  a  ooil  of  vory  fiii«  wire,  mnny  tJiougnnd^  of  yard^i  . 
ma  J,  eren  fioro^  milea  in  length,  e^ieeodmgly  feeble  eleijtrieal  currauta  can 
b*  detected,  from  their  causing  the  deflection  of  a  delicate  and  lightly- 
fciURpended    msgnetised   o^edK     Bnth  &  needle^   however,  «tii^p«nded 
ningly,  11  fiuhject  to  the  ma^etisni  of  thii  ('lirlh,  which  would  derange,  . 
or  ajT@ei,  the  operation  of  T^^rj  feeble  eurrentfib     Hence,  tfi  prevent  thia,  J 
another  ne«dle»  of  equal  magnetic  power,  is  suspended  b»  loiff  thft  uppi*r 
on©,  and  attA4rh«d  to  it  by  a  rigid  lyti?^,  hiring,  however,  its  poles  turned 
m  the  opposite  directions,  the  north  pole  of  one  being  under  th^  soutb  . 
pole  of  the  othffTt  and  dee  Tursl     In  this  wa^,  the  effects  of  terreatml  j 
nungnettsra  are  nefttralisedt  and  the  needle  w  mftd«  astatic  and  r" 
ti>  be  impro^eed  solely  by  such  currentfi  as  may  pias  through  th 
of  wire  within  which  it  is  ,*u**pGnded*     Such  an  lUHrru merit  b  influ 
by  electrical  currents  of  every  kind,  whether  developed  by  friction, 
thermal  influences,  chemical,  or  vito-chemical  action ;  the  force  of  the 
current  is  always  measurable  in  degrees  upon  the  scale. 

In  order  to  apply  the  thermo-electric  test  to  the  measurement  of 
heat  developed  in  a  living  animal  or  man,  a  U-shaped  piece  of  wire, 
eomposed  half  of  iron  ana  half  of  copper,  joined  together  at  the  bend, 
is  immersed  in  water  of  a  known  temperature.  A  needle,  also  half  of 
iron  and  half  of  copper,  is  thrust  through  the  tissues,  and  so  adjusted 
that  the  point  of  junction  lies  in  the  part,  the  relative  temperature  of  which 
has  to  be  determined.  The  iron  shank  of  the  U-shaped  wire  is  now 
connected  with  the  iron  end  of  the  needle,  and  the  copper  shank  of  that 
wire  with  the  copper  end  of  the  needle ;  but  somewhere  in  the  last- 
named  connection  the  galvanometer  is  inserted.  Any  difference  in 
temperature  between  the  metallic  junction  immersed  in  the  water,  and 
that  embedded  in  the  living  tissue  to  be  examined,  creates  a  current, 
either  one  way  or  the  other,  according  to  which  junction  is  hotter  than 
the  other ;  and  any  elevation  or  fall  of  t^'mperature  in  the  one,  such  as 
might  be  produced  by  the  acts  of  contraction  and  relaxation  of  a  muscle, 
would  cause  proportionate,  and  measurable,  changes  in  the  strength  of 
the  electric  current. 

As  thus  determined^  the  quantity  of  heat  evolved  in  con- 
tiactiug  muscle  in  warm-blooded  animals,  has  been  found 
sufficient  to  raise  its  temperature  by  1°  or  2° ;  in  the  frog  the 
elevation  of  temperature  is  rather  less  than  ^°.  This  eflTect 
may  be  partly  due  to  friction,  but  it  is  supposed  to  be  chiefly 
owing  to  chemical  combinations  taking  place  in  the  muscle, 
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incidental  and  essential  to  the  act  of  contraction.  Probably 
these  chemical  changes  consist  in  an  oxidation  of  the  consti- 
tuents of  the  muscular  tissue ;  for  exhausted  muscle  contains 
more  creatin,  creatinin,  urea,  and  inosinic  acid,  than  muscle 
in  a  state  of  rest  (Helmholz);  the  substance  of  quiescent 
muscle  is  neutral ;  that  of  muscle,  after  frequent  contractions, 
is  acid  (Du  Bois-Reymond)  ;  the  interchange  of  oxygen  and 
carbonic  acid  is  doubled  in  active  muscle.  It  has  recently 
been  stated  that  the  temperature  of  a  muscle  is  lowered  at  the 
beginning  of  a  contraction,  but  that,  after  a  few  seconds,  a  rise 
of  its  temperature  lakes  place,  which,  in  a  tetanised  muscle, 
continues  after  contraction  has  passed  off.  Such  a  lowering  of 
temperature,  if  established,  might  indicate  an  absorption  of 
heat,  or  an  increase  of  the  latent  heat  of  the  muscidar  sub- 
stance during  its  commencing  action ;  whilst  the  subsequent 
elevation  of  temperatiu-e  might  be  due  partly  to  increased 
chemical  changes  taking  place  after  contraction  had  ceased, 
and  partly  to  the  greater  activity  of  the  capillary  circulation. 
The  amount  of  heat  evolved  is  said  to  be  proportionate  to  the 
work  performed  (Meyerstein  and  Thiry). 

The  living  muscular  tissue  has  ^so  important  electrical  re- 
lations. Thus,  it  is  a  good  conductor  of  electricity,  and  it  is  also 
extremely  sensitive  to  that  agent,  being  very  easily  excited  to 
contraction  by  it.    Moreover,  this  tissue  possesses  within  itself 
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■olution  of  salt ;  by  absorption  of  some  of  the  Bolution,  tbey  form  two 
moist  surfaces  of  contact,  placed  at  a  short  distance  from  each  other,  upon 
i^ich  the  piece  of  animal  tissue  experimented  on,  can  b<»  kid  in  any 
desired  position,  by  means  of  a  thin  holder  of  glass.    If  the  two  moist 

Diagram  A. 


Diagram  A  (Tierordt).  Apparatus  for  detecting  the  existence,  direction,  and 
strength  of  the  normal  electrical  currents  in  animal  tissues,  p,  one  of  the 
platinum  plates,  dipping  into  the  solution  of  salt,  contained  in  one  of  the 
glass  cells ;  m,  metallic  connecting  rod,  supported  on  the  non-conducting 
glass  rod,  g,  and  connected  with  the  wire,  d,  of  the  galvanometer.  The  same 
parts  arft  st'en  on  the  other  side.  6,  indicat<«two  small  cushions  of  blotting- 
paper  which  dip  into  the  solution  of  salt ;  a,  is  another  cushion  moistened 
with  the  same  solution,  which,  when  placed  on  the  cushions  b,  completes 
the  galvanometer  circuit ;  but  no  current  passes,  as  there  is  no  chemical 
action  set  up.  If  the  cushion,  n,  be  removed,  and  ^ piece  of  living  muscle  or 
ner>e  be  put  in  its  place,  instantly  a  current  is  formed,  and  the  needle  of 
the  galvanometer,  w,  «,  moves  to  tlie  right  or  to  the  loft,  and  shows  the  di- 
rection and  force  of  the  current. 

cushions  be  first  connecttfl  by  means  of  a  third  cushion,  5,  moistened 
with  the  same  fluid,  the  circuit  is  closed,  but  no  currents  are  protlucod, 
the  giUvanometor  needle,  ??,  s,  remaining  quiescent,  and  the  whoh?  ap- 
paratus Ix'ing  in  a  state  of  chemical  and  electrical  etiuilibrium ;  but  when 
they  are  connected  by  a  piece  of  living  animal  tissue,  Diagram  B,  then 
a  portion  of  any  currents,  which  may  exist  in  the  tissue,  is  instanta- 
neously conducted  through  the  latenil  moist  cushions,  the  saline  solution, 
the  platinum  plates,  and  the  wire  of  the  galvanometer.  The  needle 
imme<liat«ly  deviates  to  the  left,  1,  2,  or  to  the  right,  according  to  the 
direction  of  the  current ;  and  the  relative  amcmnt  of  deviation  in  either 
direction,  indicates  the  strength  of  the  passing  current,  and  the  changes 
proilucibb*  in  it.  In  such  experiments,  only  a  portion  of  the  intrinsic 
currents  of  a  tissue  is  diverted  through  the  galvanom«>ter,  so  that  the 
total  strength  of  such  (currents  cannot  be  thus  ascert^vinod ;  but  their 
n^lative  eh'Ctrical  activity  in  particular  tissues,  under  various  couditions, 
may  be  determined. 

The  muscles  of  the  Mammalia,  includincj  man,  give  very  strong  cur- 
rents ;  but  those  of  the  frog  are  usually  employed  in  experiments,  as  the 
currents  in  them  are  more  persistent.  An  oblong  piece  of  muscle  is  so 
pr'ivinv.1,  that  its  longitudinal  surfaces  correspond  with  the  sides  of  the 
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muscular  fibres,  and  its  traDsvene  sectioofl  with  their  enda.  It  is  then 
placed,  in  various  positions,  Diagram  B,  1,2,  3,  on  the  cushions  of  the 
apparatus  just  described,  and  the  results  on  the  galvanometer  needle,  g^ 
are  watcheid.  When  so  placed,  it  is  also  made  to  contract,  by  any  ap- 
propriate stimulus,  and  the  effect  on  the  galvanometer  needle  is  recorded. 

In  a  piece  of  living  quiescent  muscle,  Diagram  B,  1,2,  cur- 
rents are  foimd  constantly  passing  from  the  longitudinal  sur&ce 
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piece  of  mnBcley  which  might  be  called  ite  equetoTy  1,  «,  to  the 
centre  or  axis,  <?,  of  both  of  its  two  out  eztremitieB  or  poles. 
From  pointB  of  the  longitudinal  sur&ce  more  or  leas  distant 

DiAgnun  C. 


Diagrun  C  (Author)  shows  the  direction  of  the  normal  muscular  current, 
both  within  and  without  the  piece  of  muscle.  1. 2, 3,  three  cylindrical  piecea 
of  muscular  tissue ;  cf,  the  axis  or  pole,  and,  0,  the  equator  of  each  piece.  The 
black  curved  lines,  with  the  arrows,  in  1  and  2,  show  the  direction  of  the 
muscular  current  outside  the  muscle,  that  is,  as  it  would  pass  through  the 
galvanometer  circuit.  Thedott^  curved  lines  show  the  path  of  the  cur- 
rents within  the  pieces  of  muscle.  In  8.  the  dotted  curved  lines  show  lines 
of  equilibrium,  no  current  passing.  In  each  piece,  the  signs  +  and  — ,  show 
the  electrical  states  of  the  equator  and  poles,  or  of  the  surftKie  and  ends. 

from  the  equator,  to  points  of  the  ends  more  or  less  distant 
from  the  axis,  the  direction  of  the  currents  is  still  the  same, 
but  they  are  proportionally  weaker,  2.  When  two  points  on 
the  longitudinal  surface,  equidistant  from  the  equator,  are 
touched,  3,  no  current  is  evident,  an  equilibrium  being  es- 
tablished ;  but  when  two  points,  unequally  distant  from  the 
equator,  are  touched,  2,  a  feeble  current  is  manifested  from  the 
nearer  to  the  more  distant  point.  In  the  same  way,  two  points, 
at  either  cut  end,  equidistant  from  the  axis,  3,  give  no  apparent 
current ;  but  if  unequally  distant  from  it,  2,  3iey  do. 

To  explain  these  remarkable  electrical  currents  of  the  living 
muscular  substance,  it  has  been  suggested  by  Du  Bois-Rey- 
mond,  that  it  possesses  a  pecidiar  electrical  condition,  which  is 
supposed  to  be  dependent  on  a  special  electrical  polarity  of  the 
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component  molecules  or  the  disdiaclasts  of  the  sarcons  elements. 
Each  molecule,  in  a  given  longitudinal  row,  Diagram  D,  is 
imagined  to  have  its  equatorial  or  central  part  positive,  + ,  and 
its  two  ends,  or  poles,  opposed  to  the  neighbouring  molecules, 
negative,  — .  In  this  case,  a  current  would  pass,  outside  the 
molecules,  from  the  equator  to  the  poles,  but,  within  the  mole- 
Diagram  D. 


Diagram  D  (Du  Bois-Reymund)  Mhows  the  theoretical  electrical  oonditioii  of 
the  molecules  of  muscular  tissue.  Each  molecule  in  a  series,  is  suppooed  to 
bo  peripolar,  the  adjacent  ends  or  poles  being  negative  or  minus  — ;  and  the 
central  or  equatorial  part,  positive  or  plus  +.  The  plus  portion  is  shown 
white,  and  is  marked  + ;  the  minus  parts  are  left  black,  and  are  marked  — . 
The  arrows  show  the  necessary  directions  of  the  normal  currents  outside 
such  an  arrangement. 

cule,  from  the  poles  to  the  equator.  Each  molecule,  in  such 
case,  would  represent,  in  miniature,  the  electrical  condition  of 
tlie  entire  piece  of  muscle.  This  supposed  condition  of  the 
molecules,  is  named  a  peripolar  electrical  state.  It  exists  in  an 
artificial  molecule  made  with  a  zinc  equator  and  copper  ends 
or  poleSi  when  immersed  in  dilute  jicid. 

The  Muscular  cttrrepfc  in  amputated  limba>  also  passes  from 
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df  the  frog,  lie  found  two  current® ;  one,  tlie  »o -called  natural 
curruut,  piw^ing  in  tlie  niu^lc,  from  its  lower  to  it«  upper  end, 
und  tlie  other,  corresponding  in  all  respect'j  with  that  described 
by  Du  Bois-Reyraondj  which  he  names  the  artificial  current, 
and  which  he  say«  is  present  in  muacles  only  after  a  tran avers© 
A^iioti  has  been  made  tlirotigh  .thenj.  The  naturaJ  curreDtt 
being  alwayss  in  on©  direction,  whilst  the  artificia]  currents 
pass  mthin  the  muscle,  from  the  cut  endi  to  tJie  equator^  it 
follows  that  tlie  ibrmer  atrerigthena  the  latter  in  the  lower  half, 
but  opposes  and  weakens  them  in  the  upper  half  of  ttie  mumile. 
Budge  enters  into  other  details,  which  cannot  here  be  de- 
Bcribed,     The  subject  is  yet  oi>en  to  much  further  enquiry. 

portions  of  nerve,  a»  we  shall  hereafter  sec^  exhibit  precisely 
i  iimilar  currents  to  thoge  found  in  muscle^  and  thcfle  follow  the 
Kime  directioua,  though  they  are  weaker  and  more  difficult  of 
detection.  So  Ukewise  pieces  of  brain  and  spinal  cord,  give 
smilar  currents.  Other  parte?^  such  mh  the  lungs^  liver,  und 
kidneys,  offer  either  very  slight  or  no  currents.  In  the  frog*8 
akin  a  current  is  developed,  which  is  opfiottite  to  that  of  llie 
muscle ;  for  the  section  of  the  akin  ia  positive,  whilst  tlio  sur- 
fiu5e  is  negative. 

The  exact  cause  of  the  electric  currents,  present  in  living 
muscular  and  other  tissues,  is  not  understood.  They  are  doubt- 
less, in  some  way,  connected  with  the  constant  molecular  chemi- 
cal changes  of  combustion  or  oxidation,  which  occur  in  the 
nutrition  of  the  living  tissues, — with  those  incessant  changes, 
indeed,  which  are  characteristic  of  life,  and  without  which  there 
is  no  life.  But  it  is  imknown  whether  such  chemical  changes 
are  the  consequences  of  the  electric  currents,  i.  e.  are  electro- 
lytic ;  or  whedier,  and  this  seems  more  probable,*  the  currents 
themselves  are  the  necessary  accompaniments  of  the  chemical 
changes.  The  nutritive  molecular  changes  are  doubtless  more 
active  in  muscle  than  in  nerve,  and  probably  more  so  in  nerves 
than  in  the  skin ;  the  strength  of  the  electric  currents  obeys 
the  same  order.  It  is  possible  also  that  the  nutritive  changes 
are  more  active  on  the  surface  or  sides  of  the  fibres  than  at 
their  centres  or  cut  ends  when  they  are  divided ;  i.e.  that  they 
are  more  active  on  the  sur&ce  of  the  fibres  which  is  found  to 
be  positive,  than  on  the  parts  which  are  negative. 

The  electrical  current  proper  to,  and  constant  in,  healthy 
quiescent  muscle,  or  the  normal  muscidar  current,  is  evidently 
disturbed  by  the  contraction  of  the  muscle.  It  was  said  by 
Matteuci  to  be  reduced  to  zero,  or  even  to  be  reversed  in 
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direction ;  but  by  Du  Bois-Reymond  it  is  coDsidered  merely  to 
be  diminished,  the  needle  being  first  deflected,  in  an  opposite 
direction,  when  the  piece  of  muscle  experimented  on  is  made 
to  contract,  but  ultimately  being  merely  leas  deflected  than 
when  the  muscle  is  at  rest.  This  diminution  of  the  muscular 
current  takes  place  all  the  same,  whether  the  muscle  be  excited 
to  contract  by  means  of  a  direct  stimulus,  or  by  means  of  a 
stimulus  applied  indirectly  through  the  motor  nerve ;  nor  does 
the  nature  of  the  stimulus,  whether  it  be  mechanical,  chemical, 
or  electrical,  influence  the  result.  The  electrical  current  used 
to  excite  the  motor  nerve,  may  even  be  derived  from  the  con- 
traction of  other  muscles,  as  will  hereafler  be  explained  in 
describing  the  so-called  rheoscopic  frog's  limb. 


Cause  of  Muscular  Contractility. 

Various  theories  have  been  advanced  as  to  the  nature  and 
cause  of  muscular  contraction,  but  all  may  be  dismissed  as 
being  unsatisfactory,  and  at  present  our  real  knowledge  may 
be  said  to  be  limited  to  the  phenomenon  itself,  and  to  certain 
of  its  conditions  and  accompaniments.  Two  very  opposite 
general  views  have  been,  and  are  still,  entertained  by  physio- 
logists on  this  subject.  According  to  one  view,  the  muscular 
tiaauo  owes  its  contnictLiity  to  the  nerves  diatribut^d  to  it^  . 
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tbotigh  continuously  nourished,  does  not  retain  its  contrac- 
tility tor  a  lengthened  period.  But  a  inuacle,  bo  separated 
froQi  the  nervous  centres^  is  not  perraaneiitly  well  tiouri^bed  ; 
it  becomes  atrophied  or  wiiBted,  its  jibrea  loee  tht^ir  traowveirao 
stria?,  and  undergo  a  ilitrj  degeneration,  so  that  both  its 
gtnicUire  and  properties  are  tlfetroyed*  Moreover^  its  jKJWer 
of  being  direct f if  stimulated,  lasts  longer  than  that  of  being 
indirectly  exeitud  through  the  divided  nerve,  and  the  frequent 
©oatinuouti  f*pplicatioii  of  gal  vaidsm  to  such  detuehed  muscles, 
irill  prevent  their  atrophy,  and  at  the  some  time  preserve  didr 
oon  tract!  lity. 

These,  and  many  other,  cotimdeTationSflerve,  therefore,  rather 
to  support  the  second  and  opposite  mew^  celebrated  from 
having  been  that  adopted  by  llalJer,  and  now  very  generally 
entertained,  viz»  that  the  muKcular  irritabiJity  ia  a  *4pec^iul  pro- 
perty of  tlie  muscular  tissue  itself,  and  inherent  in  it,  a  vk 
tmiAefilosa^  or  vis  ifmia.  The  fc41owing  numerous  facte  and 
^  conidderftttons  are  usiudly  quoted,  as  supporting  thii  important 
P^  doetriiie  in  pFiysiology,  Nerves  poasesa  no  contractility,  bufc 
muBCular  ti^ue  always  does.  Very  small  and  isolated  por- 
tioaB  of  single  muscular  fibres  are  tie  en  to  contract  under  the 
microecope.  A  contractile  tissue  is  found  in  minute  uni- 
cellular animal  organ  isma,  in  which  no  nerve  tissue  has  been 
shown  to  exist.  Contractile  tissues  are  met  with  even  in  cer- 
tain plants,  though  these  are  believed  to  be  absolutely  destitute 
of  a  nervous  system.  Muscular  contractions,  it  is  alleged, 
"will  occur  in  the  muscles  of  the  embryos  of  animals,  even 
whilst  none  can  yet  be  excited  by  stimuli  applied  to  the 
nerves.  Subsequently  to  the  division  of  its  nerves,  a  muscle, 
provided  that  its  nutrition  is  maintained,  retains  or  recovers 
its  power  of  contracting  on  the  direct  application  of  a  stimulus, 
long  after  it  ceases  to  act  on  the  stimulation  of  the  divided 
nerve.  Chloroform  and  ether  suspend  the  power  of  the 
nervous  system  over  the  muscles,  so  that  stimuli  applied  to 
the  nerves  no  longer  excite  muscular  contraction,  although  the 
contractility  of  the  muscle  itself,  as  shown  by  direct  stimula- 
tion of  its  fibres,  yet  remains,  and  although  the  efiects  on  the 
sensory  nerves  lead  us  to  infer  that  these  reagents  act  quite 
up  to  the  extremities  of  the  motor  nerves  also.  There  exists, 
moreover,  a  special  poison,  the  woorari  or  curare,  which  is 
said  to  have  the  power  of  destroying  the  vital  properties  of 
conductility  of  the  nerves  down  to  their  finest  extremities, 
and  yet  permits  the  muscles  to  retain  their  contractility  on  the 
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application  of  a  direct  stimulus.  Lastly,  in  the  case  of  a 
muscle  like  the  sartorius  muscle  of  the  frog,  which  is  provided 
with  a  nerve  distributed  to  its  central  part  only,  the  muscle 
ciin  be  made  to  contract  at  its  extremities,  after  the  destruction 
of  the  nerve  itself  (Kuhne). 

The  preceding  facts  certainly  tend  to  show  that  the  mus- 
cuLir  irritability  is  inherent  in  the  muscle,  and  independent  of 
the  nerve.  But  a  further  question  arises,  viz.  whether,  grant- 
ing that  the  muscular  irritability  is  a  property  inherent  in 
muscle,  is  it  ever  excited,  or  is  it  capable  of  being  excited 
directly,  or  can  it  only  be  so,  through  irritation  applied  indi- 
rectly to  it  throup:h  the  nerves?  The  minute  distribution  of 
the  finest  non-medullatcd  extremities  of  the  nerves  among  the 
muscular  fibres,  and  their  intimate  connection  with  them, 
render  it  impossible  to  separate  the  effect  of  a  stimulus  upon 
the  one  and  the  other,  so  as  to  be  able  to  say  that  a  stimulus 
has  acted  on  the  muscle  onlj,  and  not  also  on  the  fine 
branches  of  nerves  mixed  up  with,  or  distributed  upon,  its 
fibres.  The  two  last-mentioned  experiments,  viz.  that  on 
the  effects  of  the  woorari  poison,  and  that  on  the  sartorius 
muscle  of  the  frog,  are  maintained  by  some  to  have  solved  this 
question,  and  to  have  shown  that  the  inherent  power  in 
muscle  is  capable  of  being  directly  excited,  i.  e.  idio-motoriallyy 
without  the  intervention  of  even  the  minutest  extremities  of 
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be  eqnallj  well  explained,  but  the  doctrine  itself  is  not  yet 
eitabliahed.  It  aeems  natural  to  suppose,  firom  our  know- 
ledge of  the  polar  electrical  condition  of  living  muscles,  and 
of  the  disturbance  of  its  electrical  state  during  contraction, 
that  tlie  dark  sarcous  elements  or  disdiaclasts,  and  the  light 
intervening  elements,  may  be  in  opposite  polar  electrical  states; 
and  that  accordingly  molecular  attxactions  and  repulsions  maj^ 
under  excitation,  occur,  as  the  immediate  causes  of  motion 
between  them;  but  this  is  quite  conjectural.  It  has  been 
offered  as  a  mere  suggestion,  to  be  hereafter  again  alluded  to, 
that  osmotic  changes  in  the  contents  of  the  tubular  sarcolemma 
of  the  muscular  fibre,  may  possibly  occur  as  essential  condi- 
tions of  its  alternate  contractions  and  relaxations  (Graham). 

The  Rigidity  ofDeathy  or  Rigor  Mortis. 

Within  a  certain  period  after  death,  the  muscles  of  the 
body,  the  muscular  substance  of  the  heart,  and  also  the  parts 
composed  of  the  non-striated  muscular  fibres,  undergo,  after 
losing  their  irritability,  a  general  stiffening,  which  is  called 
the  rigor  mortis,  or  cadaveric  rigidity,  or  the  rigidity  o^  death. 
This  rigidity  in  the  muscles  is  so  perfect,  that  the  joints  become 
fixed,  usually  in  the  position  in  which  the  body  lies  at  the 
moment  of  death;  but,  in  certain  cases,  the  occurrence  of  the 
rigor  mortis  is  accompanied  by  displacements  of  the  limbs, 
even  to  the  raising  up  of  the  corpse  into  a  sitting  posture. 
Usually  the  more  powerful  muscles  give,  in  dying,  and  in 
assuming  their  rigid  condition  afterwards,  certJiin  definite 
positions  to  particular  parts  of  the  body ;  thus,  the  upper 
eyelid  is  drawn  slightly  u])Wjird8,  the  lower  jaw  is  closed 
agjiinst  the  upper  one  (whereas  at  the  moment  of  death  it 
falls  by  relaxation  of  its  muscles),  the  fore-arm  is  slightly 
flexed,  the  fingers  are  bent,  and  the  thumb  turned  inwards  on 
the  palm ;  wliilat  the  leg  and  foot  are  everted  and  extended, 
the  flexors  of  the  upper  limb  and  the  extensors  of  the  lower 
limb  being  stronger  tlian  their  antagonists.  These  movements 
must  be  distinguished  from  those  which  have  been  observed, 
soon  after  death,  in  cases  of  cholera  and  yellow  fever,  and  which 
are  attributed  to  an  unusual  persistence  of  the  proper  muscuhu: 
contractility. 

The  rigor  mortis  may  begin  witliin  ten  minutes  of  death, 
but  it  usually  comes  on  between  seven  and  eighteen  hours, 
sometimes  as  late  as  thirty-six  hours.     Its  usual  duration  is 
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rom  twenty-four  to  thirty-six  houw,  but  it  may  pass  off 
much  more  quickly,  or  last  for  several,  as  many  as  six,  days. 
It  disappears  at  the  commencement  of  putrefaction.  The 
sooner  it  comes  on  the  shorter  its  duration,  and  when  it  comes 
on  late  it  continues  longer.  It  appears  latest,  is  most  intense, 
and  lasts  longest,  in  persons  dying  rapidly  in  a  state  of  health. 
In  sickly,  weak,  and  emaciated  bodies,  in  new-bom  in&nts, 
and  in  animals  exhausted  by  over-fiitigue,  it  comes  on  quickly, 
is  weak  in  its  effect,  and  disappears  most  rapidly.  It  is 
independent  of  any  influence  firam  the  nervous  centres,  for  these 
may  be  destroyed  without  preventing  its  occurrence ;  and  it 
occurs  even  in  paralytic  limbs,  when  the  muscles  are  not  too 
much  impaired  in  their  nutrition.  A  form  of  muscular 
rigidity  can  be  induced  in  a  living  animal,  by  stopping  the 
circulation  through  a  limb ;  and  the  true  rigor  mortis  itself 
may  be  completely  removed  by  injecting  defibrinated  arterial 
blood  into  the  arteries  of  a  dead  limb.  If  this  be  done  within 
a  short  time  alter  death,  the  irritability  of  the  muscles  is  also 
restored :  this  effect  has  been  kept  up  for  forty-one  hours, 
tlie  opposite  limb  in  the  meantime  beginning  to  putrefy.  It 
would  seem  that  the  rigor  mortis  occurs  more  slowly,  is  most 
marked,  and  lasts  the  longest,  in  direct  proportion  to  the 
previous  amount  of  nutritive  activity,  and  irritability,  in  the 
muscle.     It  was  stated  by  Hunter  thiit  it  did  not  occur  in 
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ite  uniftinn  and  penifltont  bhancter,  and  hj  Ae 
ooiheaon  or  atzcrngth,  llie  mailer  ezteoaibilitfi 
and  the  hm  peifeot  dasdcily  or  lanlient  |Hropert7  of  tbe 
iigid  miiaonlar  mbflfcuioey  and  jpartacolazlj  by  the  total  oeem- 
tkn  of  aU  electrical  cnrrentB  in  it.  B7  omera,  it  has  be^ 
•ttributodtoamolecolar  change  in  the  aaroona  elements  of  the 
OanDm,  dmendent  on  the  atagnation  of  the  Uood-cnnent ; 
to  a  aort  of  coagolation  or  setting  of  the  mnade-fibrin  of  the 
flttcona  aobatence  of  the  fibrilla,  compared  to  the  coagulation 
oflliablood(8eep.82);  to  the  coagiuation  of  a  fibrinona  ma- 
terial between  the  fibriUiB  of  each  fibre  (BrUoke) ;  or,  L^^, 
to  cSiemical  changes  giring  rise  to  the  podncticm  of  an  acid 
or  alkaline  fluid,  whidi  stimulates  the  still  contractile  musde. 
Aooording  to  this  latter  Tiew,  tiie  rigor  mortis  is  due  to  a 
bat  act  of  oontractiony  or  idio-muscnlar  contraction  (Schiff). 
Botita  cause  is  not  yet  thoroughly  nnderstood.  Wl^  fblly 
eafeaUiahedy  it  is  an  absolute  sign  (»  death. 

In  the  caae  of  the  heart,  the  rigor  mortis  produces  an  ez- 
eeasiye  contraction  of  that  oi^gan.  The  occurrence  of  this 
phenomenon  in  involimtary  mnscle,  is  shown  by  the  rising  of 
water  in  a  glass  tube  fitted  into  one  end  of  a  piece  of  the 
intestine  of  a  recently  killed  animal,  the  other  end  being  of 
course  tied,  and  the  cavity  quite  filled  with  water.  It  is  also 
shown  by  the  temporary  contraction  of  dead  arteries,  which, 
after  a  time,  again  relax. 

CILIARY    MOTION. 

The  presence  of  cilia  on  certain  so-called  ciliated  mucous 
and  serous  membranes  in  man,  has  been  mentioned  in  the 
account  of  the  ciliated  epithelial  tissues  (p.  73) ;  and  it  has 
been  noticed  that  ciliated  epithelium  exists  on  similar  mem- 
branes of  both  the  warm  and  cold-blooded  Vertebrata,  and  in 
various  parts  of  the  bodies  of  many  Mollusca,  MoUuscoida, 
Annuloida,  CoBlenterata,  and  Protozoa. 

Cilia  are  found  in  man  and  other  air-breathing  Vertebrata, 
chiefly  in  the  respiratory  passages.  They  occur  in  man,  in 
what  may  be  called  the  middle  region  of  the  nasal  cavities, 
in  the  frontal  and  other  sinuses,  in  the  upper  part  of  the 
phaiynx,  in  the  larynx  from  below  the  vocal  cords,  and  in 
the  trachea,  bronchi,  and  bronchi®,  down  to  the  ramifications 
of  the  smallest  bronchial  tubes,  but  not  in  the  air-cells  of  the 
lungs.     They  are  present  also  in  the  Eustachian  tube  and 
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tympanum  of  the  ear,  and  In  the  naaal  duct  and  lachzTmal  nc. 
Thej  are  likewise  found  on  the  sidea  of  the  yentriclea  of  the 
brain,  and  within  the  central  canal  of  the  apinal  cord.  In 
the  warm-blooded  Mammalia,  they  exist  in  the  aame  BLtuationa 
as  in  man.  In  Birds,  they  are  present  likewise  in  the  airnncs 
distributed  through  the  trunk  of  the  body.  Amongst  the 
cold-blooded  Vertebrata,  cilia  exist,  not  only  in  the  ordinaiy 
situations,  but,  in  Reptiles,  in  the  pericardium,  peritoneum, 
and  cBsophagus,  and  also  in  the  uriniferous  tubuli,  and  some- 
times in  the  Malpighian  capsules,  of  the  kidneys.  In  the  frogs, 
they  are  found  also  on  the  roof  of  the  mouth ;  and  in  the  idi- 
thydid  Amphibia,  on  the  gills.  In  Fishes,  the  gills  are  destitate 
of  cilia ;  but  these  exist  in  the  cavity  of  the  nose,  and  in  the 
respiratory  chambers,  of  the  amphioxus.  In  the  MoUuaca  and 
Molluscoida,  cilia  are  found  in  the  alimentary  canal  and  bile 
ducts,  and  on  the  gills  of  both  the  univalve  and  bivalve 
kinds ;  also  on  the  respiratory  apparatus,  when  this  consisti  of 
simple  tentacula  (hydrozoa),  or  is  reduced  to  a  respiratory  sac 
or  atrium  (tunicata).  In  the  Annelida,  cilia  are  commonly 
found  on  some  part  or  other  of  the  body ;  and  in  the  Annuloida, 
always  in  the  so-called  water-vessels  and  other  parts  of  the 
scolecida,  and  in  the  ambulacral  tubes  of  the  echinodermata ; 
also  in  most  aquatic  Annelida  and  Annuloida,  on  certain  parts 
of  the  head,  probably  the  seats  of  an  olfactory  sense.      In 
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from  TrJijir*^  ^  tAtv*^^  ^  ^^  ^^^^  ^  different  animals,  beinf 
Jlfgieat  in  the  uoQ-T&rtebmte  tusirme  anitmils,  and  rcaehing 
Ibetr  greatest  si^e  in  certain  Ct^leatemtsw  On  the  muooui 
membranes  of  the  warm-blooded  Vertebrata  they  are  Ims 
regtdiLT  in  their  diatriburion  orer  the  iiirface ;  but  on  the  giik 
of  ibe  ftlolhisca,  on  the  tentacles  of  the  hydrcaoa,  on  the  lateral 
bondii  or  paddlea  of  tlie  Beroe,  and  on  the  bodies  of  certain 
hdwyn^  they  are  arranged  in  remarkably  eren  lines,  and,  in 
each  panicular  case,  have  a  veiy  uniform  length. 

The  ciliary  movement-s  are,  of  course,  only  observable  by 

aid  of  a  high  magnifying  power.    The  motion  of  indiTidnal 

cilia   \a  difficult  of  detection,  owing  to  its  mpidity.     It   ia 

^  iometimes  inftindiMifonH  ;  that  ia  to  aay,  the  point  describea 

^^  cireie  in  space,  which  forma  the  base  of  a  cone  or  funnel, 

&e  apex  of  which  is  at  the  attachment  of  the  moving  ciLitim. 

More  commonly  the  niovement  Is  umnfarm  or  hooked,  mcb 

diiuni  bending  downwards  and  then  straightening  Itself  again, 

^  ao  aa  to  perform  a  laMng  movement.    In  the  case  of  a  ciliated  | 

Igpittrikoe,  this  motion  appears  to  alFect  the  cilia  in  regular  suc- 

•enioD,  flo  that  the  resnlt  is  an  unduhxtory  movement,  like 

thsl  of  running  water,  moving  rapidly  along  in  constantly 

definite  wavy  lines.     Nothing  can  exceed  in  beauty,  as  a 

mkanofloopic  object,  these  waving  movements  of  the  fringed  and 

ftatherlike  rows  of  the  ciliated  gills  or  branchis  of  one  of  the 

Mollueca  (mussel,  oyster).     The  average  velocity  of  the  oiliazy 

current  in  the  frog's  mouth  is  about  -s^th  of  an  inch  per 

aeoond,  the  average  rate  of  the  blood  in  the  capillaries  of  its 

web  being  about  ^th  of  an  inch  per  second. 

The  motion  of  the  cilia  has  the  effect,  when  the  animal  is 
fixed,  of  producing  currents  over  the  ciliated  sur&ce  in  the 
surrounding  fluid  medium,  in  certain  definite  directions,  by 
which  not  only  the  fluid,  but  any  small  particles  or  micro- 
soopic  living  objects  which  it  may  contain,  are  hurried  past 
or  over  the  sur&ce.  Indeed,  the  ciliary  movement  is  best 
observed  and  detected,  by  nuxing  charcoal  or  pigment  in  the 
fimd  in  which  these  organs  are  examined.  In  the  case  of  small 
aqnatio  animals,  and  of  ciliated  ova,  embryos,  or  gemmn  of  the 
same,  the  eflect  is  to^  cause  a  movement  in  those  minute  beings 
diemselves,  the  cilia  constituting  true  locomotive  organs.  This 
occurs  also  in  the  Beroe,  the  lateral  ciliated  bands  of  which  are 
composed  of  flat  quadrangular  plates,  built  up  of  large  cilia, 
placed  side  by  side.  Most  commonly,  the  direction  of  the 
progressive  movement  is  constant,  and  remains  unchanged 
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even  on  any  detached  pieces  of  membrane ;  bnt  BometimeB  the 
motion,  as  in  the  case  of  certain  infusoria,  is  variable  in  direc- 
tion, and  ahnost  suggests  obedience  to  volition.  In  the  Beroe, 
this  is  even  more  obvious.  On  the  gills  of  Mollusca,  the  direc- 
tion of  the  motion  is  likewise  some^es  suddenly  reversed. 

The  ciliary  motion  continues  for  one,  or  sometimes  for 
several  days  after  death,  in  the  amphibia  and  other  cold- 
blooded Vertebrata,  as  in  the  turtle,  though  for  a  shorter  time 
in  the  warm-blooded  Vertebrata,  often  ceasing  in  birds  after 
the  lapse  of  fifteen  to  thirty  minutes.  It  endures  longer, 
however,  in  Mammalia,  the  time  varying  from  two  to  forty- 
eight  hours ;  it  lasts  longer  in  warm  than  in  cold  weather. 
The  ciliary  movement  continues  for  a  time  on  portions  of  the 
mucous  membrane,  detached  from  the  body ;  and  is  said  to 
have  been  observed  in  the  fresh- water  mussel  even  in  a  state  of 
putrefection.  It  is  quickened  by  touching  the  cilia  briskly 
with  a  foreign  body ;  also  by  contact  with  the  serum  of  the 
blood.  Blood  preserves  the  power  of  movement,  for  dlia 
immersed  in  it,  exhibit  motion  at  the  end  of  three  days,  whilst 
water  destroys  it  in  three  hours.  The  blood  of  the  Vertebrata 
arrests  the  action  of  the  cilia  of  the  Invertebrata.  Light  does 
not  affect  the  motion,  nor  electricity,  unless  it  be  strong  enough 
to  destroy^  or  chemicalJy  decompose,  the  tissue.  This  curious 
iiiov^nieut  ia  iiicrcas£;d  in  rapidity,  and  may  even  he  revived. 


Vm  OF  fHE  CILtA. 


ISI 


The  tme  ejqylanatioii  of  the  phenomenon  of  ciliarj'  motion 
has  yet  to  be  discoyer^il  Bj  Boma  it  liaa  been  supposed  that 
ihe  c-^n^  of  the  motion  is  not  intrinsiCf  but  that  it  is  dependent 
eoklj  upon  certain  chemical  interchanges  between  their  sub- 
itsnee  and  the  aurrouiiding  medium.  The  opposite  view,  that 
it  is  due  to  the  actiou  of  an  animal  subitance  endowed  with 
a  form  of  vital  contractility,  seems  more  probable  (Sharpey), 
No  traoo  of  muscular  fibres,  or  fibrillie,  hai  been  found  at 
their  base ;  their  motion  dilfera  moat  remarkably  from  mus- 
etilAT  motion,  in  not  being  affected  by  electricity  of  moderate 
intensity,  or  by  certain  narcotica,  and  also  in  lasting  much 
longer  ailer  death.  But,  on  the  other  hand,  no  particutar 
structure  seems  to  be  essential  to  the  poasefiaion  of  contractility, 
which  is  manifested  equally  in  the  striated  and  non-striated 
fibres,  in  the  simple  fibre  cells^  andj  as  well  known,  in  other 
single  aarcodous  cell%  and  even  in  masses  of  protoplasm  ;  it  is 
alio  exhibited  in  the  heart  of  the  embryo  chick^  where  this  is 
composed  solely  of  nucleated  cells,  haYing  no  fibres  developed 
in  it.  On  this  point,  too,  it  has  been  suggested  that  the  cilia 
may  consist  of  extremely  delicate  protrusions  of  the  wal!  or 
periplast  of  the  ceU  on  which  they  rest,  like  the  fingers  of  a 
fflove,  each  containing  a  soft  contractile  sarcodous  material 
(KoUiker) ;  or,  that  they  may  be  gynmoplastic  ofishoots,  that 
is,  destitute  of  a  distinct  envelope.  Again,  the  longer  duia- 
tion  of  the  movement  afler  death,  is  only  a  difference  of  degree; 
and  ihis  power  endures  longest  in  those  animals  in  which  mus- 
cular contractility  lasts  longest  Finally,  the  discrepant  action 
of  certain  narcotics  may  be  probably  explained  by  future 
researches.  Admitting,  however,  the  probability  of  the  ciliary 
motion  being  due  to  a  vital  contractility,  its  rapid,  rhythmic^ 
concerted,  and  maintained  action  yet  remains  to  be  explained. 

The  use  of  the  cilia  in  the  respiratory  organs  of  the  higher 
air-breathing  animals,  may  be  said  chi^y  to  be  to  keep  the 
membranes  moist,  by  distributing  over  them  the  secretion  from 
their  surfaces  and  follicles ;  and  secondarily,  by  the  definite 
direction  of  their  motion,  which  has  been  noticed  invariably 
to  be  upwards  towards  the  larynx,  to  assist  in  raising  and  ex- 
pelling the  superabundant  secretion  upwards  firom  the  air- 
passages.  Their  use  in  the  ventricles  of  the  brain,  and  central 
cavity  of  the  cord,  is  not  known.  On  the  gills  of  the  young 
Amphibia  (tadpoles),  and  on  the  respiratory  organs,  whether . 
laminated,  ramified,  or  sacculated,  of  the  aquatic  MoUusca  and 
MoUuscoida,  they  appear  to  assist  in  the  respiratory  processi^ 
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by  keeping  up  rapid  and  continuous  currents  over  tlie  respira- 
tory surface,  by  which  fresh  portions  of  fluid  are  continually 
brought  into  contact  with  it  In  certain  cases  (Ascidioida, 
Polyzoa),  by  creating  currents,  they  also  serve  to  conduct 
alimentiuy  substances  into  the  opening  leading  into  the 
stomach,  or  the  mouth,  of  the  animal.  As  ah-eady  mentioned, 
they  cause  a  rotatory  movement  of  the  embryos  of  certain 
vertebrate  and  non-vertebrate  aquatic  animals.  Finally,  thejr 
constitute  the  proper  locomotive  organs  of  the  entire  animal, 
in  the  Infusoria :  in  some  of  these  (Paramecium)  the  whole 
surface  in  ciliated;  sometimes,  as  in  Vorticella,  there  are  a 
few  ciliated  fringes  only  around  the  mouth ;  and  sometimeB, 
as  in  the  young  VorticeUae,  and  in  other  species,  there  is  but 
a  single  long  tail-like  cilium,  by  the  tmdulatoiy  motion  of 
which,  the  microscopic  being  is  propelled  through  the  water 
in  the  opposite  direction. 


M0\'£M£NTS  OF  AXIMAL  BARCODE  AND  PROTOPLASlf . 

Movements,  undoubtedly  due  to  a  vital  contractility,  take 
place,  as  we  have  seen,  in  cells  not  possessed  of  the  complex 
structure  of  muscular  fibre ;  such  are  the  movements  in  the 
contractile  cells  of  the  embryo  heart  of  the  Vertebrata,  as  in  the 
chick  or  tadpole.    In  many  of  the  Annelida,  and  in  other  ani- 
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flniAr  IftTor  of  amQri>lioii8  nuraodcmi  sobrtuioMi  the 
portions  being  semifluid  or  fluid.  All  the  preoeding 
ISy  like  mnscnlsr  oontractioii,  qui  be  ezdted  by 
i  mechanical^  or  chemical  stimnli. 

Mofemeats  yet  moieobsoiiie,  hare  been  seen  in  meremasMS 
of  (ntoplaan  not  organised  into  the  distinct  cell  form,  either 
cyHcTilaBtic  or  gjrmnoplastic,  bat  merely  irr^golaily  aggre* 
gatoa  avoond  a  nndeus.  Such  are  the  bnddinff  movements 
which  haTO  been  observed  in  the  lymph  corposues,  and  also 
m  the  little  stellate  mtsBos  of  nndeated  protqJasm,  known  as 
the  oonneotiTe  tissue  corpusdes,  which  m  the  frog,  especially 
m  the  cornea  of  the  eye,  naye  been  seen  to  extend  themselTes 
in  varions  directions.  Thejr  are  excitable  by  electrical  and 
medhanical  stimuli,  and,  in  the  case  of  the  corneal  corpuscles. 
ev«n  through  the  nenres.  The  curious  movements  which  take 
place  in  the  pigmentary  contents  of  the  coknired  cells  of  the 
i^og's  ddn,  also  seem  only  to  be  explicable  on  the  suppo- 
sifioD  of  the  occurrence  of  like  protoplasmic  movements. 

However  simple  these  saioodous  and  protoplasmic  motions 
may  be,  they  are  all  similar,  or  at  least  allied,  to  those  of  the 
saroons  elements  of  muscular  tissue,  and  the  dependence  of  all 
on  a  common  vital  property  seems  undoubted,  though  it  may 
be  sometimes  actively,  and  at  others  obscurely,  manifested. 
Retraction  and  extension,  in  different  directions,  always  occur ; 
but  these  movements  are  sometimes  rapid,  and  sometimes  slow ; 
sometimes  they  are  neuro-motor,  and  sometimes  idio- motor. 
If  the  ciliary  motion  be  included  in  the  same  cat^ory,  its 
extreme  rapidity,  and  its  rhythmic  and  combined  character, 
apparently  irrespective  of  nervous  influence,  are  quite  peculiar. 

Vegetable  Motion. — In  the  vegetable  kingdom,  two  kinds  of  movements 
have  been  observed.  Thus,  for  example,  the  motions  of  the  leaves  of  the 
sensitive  plant,  of  the  fly-catching  plant,  of  the  stamens  of  the  berberry 
and  other  flowers,  and  of  the  bifid  stigma  of  the  mimosa,  may  be  due 
to  physical  chants  of  an  osmotic  character,  causing  a  filling  or 
emptying  of  certain  cells ;  or,  as  is  alleged,  in  the  case  of  the  stamens 
of  the  centanrea,  the  movements  may  be  owing  to  the  action  of  a  true 
eontraetile  tissue,  vegetable  saroode,  or  protoplasmic  substance,  contained 
in  a  cell  (Cohn).  Tlie  rapid  motions  of  the  fertilising  spiral  filaments, 
known  as  spermatozoids,  in  the  ferns,  lycopodiums,  and  mosses,  seem 
to  be  analoeous,  though  this  is  not  certain,  to  the  ciliary  motions  of 
die  singly-dliated  infusoria.  The  motions  of  the  algaceous  volvodns, 
desmidie,  and  others,  are  almost  certainly  protoplasmic.  Lastly,  the 
remarkable  and  well-known  movements  of  the  contents  of  certain  cells 
in  the  vallisneria,  chara,  and  other  plants,  are  of  a  protoplasmic 
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character :  in  these  cases,  globules  of  chlorophyll,  and  odier  miniit* 
particles,  are  seen  to  more  along,  in  fixed  directions,  round  the  interior  of 
the  cells,  passing,  when  these  are  oblong,  np  one  side  and  down  the  other, 
in  regular  and  continued  order — the  moTement  really  ooeuning  in  tha 
fluid  contents  of  the  cells,  and  the  solid  particles  being  thus  canned  alon^ 
It  has  been  supposed  that  the  cells  were  proTided  with  cilia  on  their 
internal  sur&ce ;  but  of  this  there  is  no  proof.  It  would  rather  seem  that 
the  internal  surface  of  the  periplast  or  cell-wall,  is  lined  with  a  layer  of 
contractile  protoplasm,  in  whidi  progressiye  undulatory  mo?ementB  take 
place ;  but  how  these  are  caused  or  regulated,  is  unknown.  It  is 
interesting  to  find  in  these  various  vegetable  movements,  if  not  an 
identi^  with,  at  least  a  simulation  o(  the  lowest  fozms  of  animal  con- 
tractility and  movements. 


MOVEMENTS  OF  MAN  AND  ANIMALS. 


The  various  kinds  of  motion  which  we  have  now  oonsideFed, 
whether  muscular,  ciliary,  sarcodous,  or  protoplasmic,  are  em- 
ployed, as  we  shall  hereai\;er  see,  both  in  man  and  animalB, 
not  only  in  the  functions  of  animal  life,  as  in  motion  and  sensa- 
tion, but  also  in  those  of  vegetative  life,  as,  for  example,  in  the 
actions  of  the  digestive  apparatus,  of  the  organs  of  circulation, 
and  of  those  of  nutrition,  secretion,  excretion,  respiration,  and 
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Eitilbe  materiala  axtemal  to  It,  aeeording  to  t^e  innumerable 
dietstes  of  w»nt,  desire,  or  reasonable  will.  In  aiding  the 
eenaory  organs,  moYeinente  are  impressed  either  npon  the 
liaad»  or  npon  the  various  aenaory  organs,  or  their  parts,  or 
appendages.  In  expression,  all  parts  of  the  body  may  be  aet 
in  motion,  but  in  the  higher  ammals,  and  in  man  particu- 
larly,  the  features.  In  the  production  of  voice,  peculiar  and 
rhythmical  vJbmtions  of  a  ipecial  part  of  the  frame  of  air^ 
breathiDg  imimala,  accompanied  by  ajncbronoufl  vibrations 
in  the  air,  are  generated  by  movements  set  np  in  the  respira- 
tory apparatus.  Finally,  speech,  which  is  pecuLJar  to  maUi 
and  results  from  the  modification  of  vocal  or  whispered  sounds, 
IB  due  likewise  to  muscular  actions  which  are  accomplished  by 
the  throat,  mouth,  and  lipa. 

LOCOMOTIVE  OROANa  IH  «AK. 

m     The  parts  of  the  body  (xincemed  in  locomotion,  are  usually  i 

iiSivided  into  the  jiaasive  and  active  organa  of  locomotion.  Th®1 

paaave  organs  consist  of  the  bones,  joints,  ligaments,  both 

fibrous  and  elastic,  and  tendons ;  whilst  the  active  oigans  are 

the  muscles. 

The  Bones. 

The  names  of  the  bones,  and  their  position  in  the  body, 
are  elsewhere  mentioned;^  the  microscopic  structure  of  the 
ofi»eous  tissue  has  also  been  explained.*     The  bones  support 

*  A  few  additional  details  may  be  here  given  concerning  the  stmctim 
of  bone.  The  lamin»  or  lameUse,  as  they  are  called,  are  either  con- 
oratricaUj  disposed  around  the  Haversian  canals,  or  they  are  placed 
parallel  with  the  eeneral  surface  of  the  bone,  or  they  are  irregular,  and 
fill  op  the  general  substance  of  the  compact  tissue.  The  fibrous  struc- 
ture of  these  lamellffi  is  now  well  established :  when  decalcified,  by 
soaking  in  an  add,  they  are  seen  to  consist  of  transparent  decussating 
fibres  arranged  in  a  compact  reticulated  manner.  The  lamellae  are, 
moreover,  frequently  perforated  by  bundles  of  other  fibres,  which  serve, 
as  it  were,  to  connect  them  together:  these  perforating  fibres,  when 
decalcified,  generally  resemble  white  connective  tissue  fibres,  but  some 
have  been  compared  to  elastic  fibres.  The  lacunse  of  bone,  as  shown 
after  maceration  in  acid,  contain  each  a  nucleated  cell,  which  presents 
an  irregular  outline  like  that  of  the  lacuna  itself,  and  is  re^^ed  as 
corresponding  with  the  so-called  connective  tissue  corpuscles  (Virchow). 
Besides  the  cancelli  of  the  cancellated  or  spongy  tissue  of  bone,  and 
the  short  and  frequently  communicating  Haversian  canals  of  the  compact 
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and  protect  the  soft  parts  of  the  body,  as  well  as  giro  efi^ 
and  precision  to  the  actions  of  the  muscles :  for  these  pnrpoees, 
the  bones  are  hard,  somewhat  elastic,  and  resistant  The 
hardness  and  strength  of  bone  are  sufficiently  well  known ;  its 
elasticity  is  well  exemplified  in  thin  long  bones,  like  the  ribflb 
The  hollowness  of  the  long  bones,  endows  them  with  a  greater 
comparative  strength  thak  if  the  same  weight  of  bony  tisBiie 
had  been  employed  in  the  solid  form ;  for  it  is  a  weU-known 
fact  in  physics,  m&t  the  same  weight  of  material  affords  more 
resistance,  both  to  downward  and  lateral  pressure  or  force, 
when  arranged  in  a  tubular  form,  than  it  does  when  dispoaed 
in  a  solid  cylindrical  mass  of  equal  length.  Independently  of 
its  strength,  due  to  the  grosser  mechanical  form  or  distribu- 
tion of  its  substance,  die  osseous  tissue,  owing  to  its  mi- 
croscopical structure,  is  endowed  with  a  remarkable  innate 
strength  and  elasticity;  for  the  compact  bone,  it  will  be 
remembered,  consists  of  innumerable  interlacing  fibres,  dis- 
posed in  the  form  of  numerous  concentric  laminae,  si^round- 
ing  the  mintite  branching  Haversian  canals,  and  themselves 
cemented  together  into  one  firm  mass.  Moreover,  the  cancelli 
and  larger  hollows  of  the  bones,  serve  to  expand  their  sur&ces, 
and  so  present  broader  points  for  contact  with  each  other  at 
the  joints,  and  broader  surfaces  for  the  attachment  of  muscles. 
The  compact  bone  h  found  in  the  sIiaft.H  of  the  long  bonea, 
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I  frontal^  aphejioidal,  and  maxiLkiy  bonas-^there  ara   epace;^ 
I  occupied  by  air.  ■ 

The  boiars  of  Pbhe*,  tktf  bodie*  of  which  are  gtippottcd  io  wat^r,  are 
f  bcrfectly  «olrd,  wht^thef  their  aki^leton  bt^  cjasfou*  or  ciutikginous.  la 
llte^lil^,  thertj  nri*  eorafiftriitivt'ly  few  ro^nlhiry  ciiTitieB  or  cHuceLU, 
^Tbese  ^iJAt  ii3  all  tUc^^  MatnTDiiIiii,  bttt  arc  le^s  mm'ked  in  tb«  aqaatic 
lo  Birds,  uiAny  of  tJie  bon*^,  which  in  tbe  Mftronialia  aittj 
L  bj  lilt,  ftre  £li(fil  only  with  warip  abr,  I 

Othet  iDechanical  arrangemeiitB  m  the  skeleton  ako  deserve 

>  ittention ;  for  esa^mple,  the  broad  expanded  shape  of  tbe  jOcuH' 

\  bones  and  pel  vie  bones,  for  the  purpctae  of  protection;  tlje  length 

I  bf  aome  bones,  as  those  of  the  limbs,  where  they  are  destined  to 

hkct  aa  long  levers  with  uneqiial  arms ;  the  ahorlneas  of  other 

boQoi,  as  thorn  of  the  vertebral  column  and  foot,  where  shock 

|]iaa  to  be  leiteened,  without  any  sacrifice  of  streogth,  and  with 

the  preaerraiion  of  flesribility  and  elasticity;   the  projecting 

points,  or  the  so-called  ^ processes^  of  many  bones,  which  serve 

for  the  attaehment  of  muscles^  and,  aa  we  ^all  see,  also  in- 

cre3U%  their  leverage ;  the  formation  of  grooves  for  the  play  of 

tecdona;  aiid,  Ja.^tly,  the  presence  of  boles  callod  foramina^  for 

the  paj^sage  of  nerves  and  ves^ls,     Special  adaptations  of  the 

fofraa  of  different  bones  to  their  several  purposes,  will  be 

exemplified  in  describing  the  habitual  posture,  and  the  various 

moTcmentSi  of  man  and  the  lower  animals. 


The  Joints, 

The  joints^  or  ariiculationSy  permit  the  various  movements 
of  the  animal  fhune ;  they  likewise  serve  to  deaden  tbe  internal 
concussion  or  shock  produced  by  contact  of  the  body  with 
external  objects,  and,  moreover,  they  contribute  to  the  strength 
of  the  skeleton,  especially  to  that  of  the  back  and  lower 
limbs ;  for  it  has  been  shown  mechanicaUy,  that  a  rod  or  pillar, 
of  a  given  height  and  thickness,  has  less  power  of  resistance  to 
Tertical  pressure  or  crush,  than  a  number  of  shorter  rods  or 
pillars  built  up  one  above  the  other  to  an  equal  height 
Whilst  the  muscles  are  the  active  agents  in  the  movements  of 
the  body,  and  whilst  the  bones  give  effect  and  precision  to 
tkose  movements,  it  is  the  form  of  the  surfaces  of  the  bones 
at  the  joints,  whidi  finally  determines  their  exact  character  and 
extent. 

The  joints,  in  man  and  the  higher  animals,  are  first  divided 
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systematdcallj,  according  to  the  degree  of  moTement  permitted 
by  them,  into  three  different  kinds,  named  the  immovable,  the 
mixed,  and  the  movable  joints. 

The  immovable  joints  (synarthroses,  from  vvy^  Men,  together, 
&pdpoy,  artkron,  joint)  include  the  several  Idnds  of  future 
(sutura,  a  seam),  fig.  8.  The  dentate  or  serrated  ButareB 
occur  in  the  junction  of  the  bones  of  the  upper  part  and  sides 
of  the  cranium.  In  them,  the  indented  or  serrated  edges  of 
the  adjacent  bones  fit  into  each  other,  having,  however,  a  thin 
layer  of  fibrous  membrane  passing  between  them,  which  is  de- 
rived firom  the  periosteum  and  dura  mater,  and  serves  not  only 
to  tmite  and  nourish  them,  but  to  deaden  shocks.  The  suture 
is  called  squamcmSj  where  the  adjacent  margins  of  the  bones 
are  bevelled  off,  so  that  one  overlaps  the  other,  as  at  the 
junction  of  the  temporal  and  parietal  bones.  Sometimes  the 
direction  of  the  bevelling  is  dianged  at  different  parts  of  the 
same  suture ;  for,  at  the  upper  part  of  the  skull,  the  firontal 
bone  overlaps  the  parietals,  whilst  at  the  sides  the  parie- 
tals  overlap  the  firontal — an  arrangement  evidently  calca- 
lated  to  stiffen  the  tie  between  the  two  bones*  "Wneie  the 
borders  of  the  adjacent  bones  are  elevated,  the  suture  is  said 
to  be  limboua  (limbus,  a  selvage),  as  in  the  union  of  the 
parietal  and  occipital  bones.  In  some  sutures  of  the  skull,  as 
between  the  upper  jaw  bones,  the  palate  bones,  and  others,  the 
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^isracter%  but,  in  some  reapects,  approach  the  more  petfoet  or 
movable  artdculadonB.  The  mechanical  result  cb tamed  iii 
lliQse  articuladonft,  in  great  strength^  accompanied  hy  filight 
moveiaeQt;  they  serve,  in  all  casea,  to  deaden  shock,  and  to  give 
elasticitj^aod,  in  the  case  of  the  inovable  vertebraj^  they  allow 
of  limited  motion,  in  all  directions,  between  the  numeroua 
individnjil  bones,  the  total  result  being  considerable  fiexibility, 
and  poaiibility  of  curvature,  in  the  whole  colunm. 

The  movaSU  joints  {dktrthrose^^  hk,  through,  apBpof^  a 
joint),  io  called  because  the  severance  of  the  surfaces  i^  com- 
plete, these  not  being  joined,  but  being  merely  in  contact  witli 
each  othtr,  are  the  moat  perfect  articulationa  in  the  animal 
economy.  In  them,  the  ends  of  the  bones  are  often  ejcpanded 
and  varioufily  flhafied,  according  to  the  chamcter  of  the  joint, 
the  end  of  one  bone  tjeing  usually  convex  and  of  the  other 
concave,  fig,  3,  These  ends,  or  articular  surfaces  of  the 
bonea,  are  moreover  covered  by  a  thin  layer  of  closely  adherent 
carUUigty  which  servea  to  deaden  shock,  and  to  feeilitate,  to 
the  utmost  degree » the  movements  of  one  bone  upon  the  other. 
Surround  iTig  the  joint  closwlv  at  all  iAA^^  and  attached  to  the 
Opposed  bones,  near  the  borders  of  their  cartilaginous  articular 
sor&ces,  is  a  membranous  sac  or  closed  tube,  called  the 
tynovidl  capsule,  which  limits  the  joint,  and  secretes  a  viscid 
fluid  named  synoma,  which  serves  to  lubricate  the  articular 
BorfiM^es,  and  so  diminishes  friction  and  prevents  the  perception 
of  grating,  or  noise,  to  the  individual.  This  ropy  fluid  escapes 
when  a  joint  is  opened,  and  is  vulgarly  caUedyotn^-ot'Z,  though 
it  is  not  of  an  oily  or  greasy  nature,  but  is  an  albuminous  liquid, 
which  has  an  alkaline  reaction  and  a  slightly  saline  taste ;  it 
resembles  the  white  of  egg ;  hence  its  name  (from  avvy  sun,  like, 
itov,  an  egg).  Outside  the  sjrnovial  capsule,  and  more  or 
less  blended  with  it,  are  the  proper  connecting  tissues  between 
the  bones,  or  the  special  ties  of  the  joint,  called  the  ligaments 
(from  ligare,  to  tie).  These  ligaments  are  composed  of  white 
fibrous  connective  tissue.  In  certain  parts,  the  fibrous  bands 
of  which  they  consist,  are  spread  out,  and  merely  strengthen 
slightly  the  loose  synovial  capsule ;  at  other  parts,  they  are 
oofiected  into  dense  bands  of  various  shapes,  tjiag  the  bones 
very  firmly  together.  Besides  permitting  motion  between  the 
hones,  the  ligaments  are  generally  so  inserted  around  each 
articulation,  as  to  restrain  the  movements  in  certain  directions, 
or  at  some  determinate  point.  Sometimes  the  muscles,  or 
else  the  tendons  of  muscles,  exercise  what  might  be  called  a 
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ligament-like  protection  around  a  joint ;  as,  for  eicample,  the 
muscles  aromid  the  shoulder,  and  the  tendons  around  the 
ankle-joint.  The  articular  sui^u^es  of  the  movable  joints,  are 
also  held  together  by  the  atmospheric  pressure  which  acts  on 
the  whole  body.  This  is  best  exemplified,  ezperimentallj,  m 
the  ball  and  socket-joints,  and  eapeciallj  in  uie  hip-joint^  as 
will  be  presently  mentioned. 

The  movable  joints,  or  diarthroses,  are  olaaaed  in  thr€€ 
divisions,  according  to  the  shape  of  their  articular  sorfiioes, 
and  to  the  character  of  the  movements  performed  at  them.  In 
the  simplest  form,  the  surfaces  are  more  or  less  plane,  and  the 
movements  gliding :  these  are  the  planiform  joints,  sometimes 
called  arthrodia.  They  are  met  with  chiefly,  in  the  tarsal  and 
metatarsal  articulations  of  the  foot,  and  in  the  carpal  and  meta- 
carpal articulations  of  the  hand ;  also  in  the  articulations  of  the 
collar-bone  with  the  scapula  and  with  the  sternum,  in  the 
articulations  of  the  lower  jaw  bone,  in  the  junction  of  the 
upper  end  of  the  fibula  with  the  tibia,  in  the  joints  between 
the  occiput  and  atlas,  and  between  the  articular  prooesses  of 
the  several  cervical  and  dorsal  vertebrae,  in  the  junctions  of 
the  tubercles  of  the  ribs  with  the  vertebrsB,  and  in  those  of  the 
costal  cartilages  with  the  sternum.  The  ligaments  of  such 
joints  11  it^  lirtUJtlly  tJiurt  and  strongs  cspeciiilly  in  tlie  io«>t  and 
hand,  and,  together  with  the  neighbouring  proceaaeB  of  bcme^ 


A^  magumnjLM  gf  hjiigp  JowitBi  Tn  fhowi  jflintM  All  KiMlimfi  ^>» 
MM  mbmL  iriiieliL  niMr  b6  ttll6d  tbs  imn^nt  of  futftnirm.  ftoat 
iriUdi  tlM  j<wt  am  be  moil  ttnragly  beojki  i»»  nme  or  Iflfv 
^M  Md  loofOf  wUIfljk  ttfc  tbo  Bi4o%  And  on  tho  tyipmt  tf 
iwrfaij  Aiqr  me^  m  a  nil%  vwy  iMropg:  tdWa  ImMiai^ 
iMMweiit  gtret  the  nocoiyiy  strength  to  a  hii^ge-joiiit^ 
vMioiii  imffidii^y  pr  preFeiilaBgy  i^  ahaoit  ccm^del9  fl«po»« 
b  Ill9  kaee,  eipeoiall^,  the  lateal  ligemoDti  wi4  ihejpoetaqar 
Mi%  wlMfih  project  into  the  baok  of  the  joint,  end  hare  a 
MMitf  farm  (fiffk  8,  8X  ierve  to  ^ibeck  «e  estmiw  of  <to 
lif  jtpon  Ae  w^  when  tb^  one  le  m  a  line  with  the  otiMr; 
aMf  niihe  a^  of  standingy  when  thf  wei^l  of  the  body  je 
Awm  QDon  the  felly  extended  knee,  theee  KffamiMi^  laitt 
On  «q^enditQre  of  mnob  mnaqwlar  iB>roflu  In  the  oaie  of  tib 
TOgiH  and  toe%  the  flexor  and  eztenafxr  teodone  pot  aa  eddi<? 
maaX  IkoMatB  to  the  jointa. 

nie  third  kind  of  moyable  artiooktions  hare  ball  ami 
aaiM  enrfceeis  and  power  of  morement  in  aU  direotibne; 
tihqr  are  named  0mKr^^rodia,  ht  theee  joints  the  one  boot 
preeentB  a  cnplike  cavity,  or  socket^  eidier  shallow  or  deep, 
lined,  of  coarse,  with  cartilage ;  whilst  the  other  bone  presents 
a  rounded  extremitj,  forming,  more  or  less,  part  of  a  spheroid, 
and  also  covered  with  its  cartilage.  When  the  receiving 
cavity  is  shallow,  it  is  called  a  glmoidj  when  deep,  a  coty- 
laid  cavity.  Examples  of  the  ball  and  socket  joint  are  met 
with,  in  the  hip,  which  is  the  most  perfect  of  these  joints  in 
the  body ;  in  the  shoulder ;  in  the  head  of  the  astragalus, 
amongst  the  tarsal  bones,  where  this  moves  in  the  cup-^ped 
cavity  of  the  scaphoid  bone ;  in  the  head  of  the  os  magnum, 
amongst  the  carpal  bones,  where  it  articulates  with  the  sca- 
phoid and  semilunar  bones ;  and,  lastly,  in  the  several  joints 
at  the  btises  of  the  fingers  and  toes,  where  these  articulate 
with  the  rounded  heads  of  the  metacarpal  and  metatarsal 
bones.  The  synovial  capsule  of  the  ball  and  socket  joints,  is 
generally  loose;  but  it  is  fortified  by  strong  ligaments  in  certain 
positions,  where  the  motion  requires  to  be  restrained.  In  the 
larger  joints  of  the  shoulder  and  hip,  the  cavity  of  the 
socket  is  deepened  by  a  fibrous  rim,  or  border,  attached  all 
round  its  margin.  In  the  shoulder,  the  tendon  of  the  biceps 
muscle  passes  through  the  joint,  and,  undoubtedly,  exercises 
a  ligamentous  control  over  it,  and  affords  it  support ;  whilst, 
in  the  hip,  an  internal  ligament,  named  ligamentum  teres,  passes 
from  one  bone  to  the  other,  that  is,  firom  the  pelvis  to  the  head 
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of  the  femur,  within  the  joint,  offering  an  exceptional  strao- 
tnre  in  the  anatomy  of  joints,  and  serving  as  an  important 
check  ligament,  which  is  brought  into  use  in  the  act  of 
standing.  The  hip-joint  is  very  secure,  and  yet  the  move- 
ments which  it  permits  in  the  thigh,  are  veiy  free;  for  the 
thigh  may  be  moved  so  as  to  make  with  the  trunk  the  fol- 
lowing angles:  forwards,  130® ;  backwards,  40**  to  60® ;  out- 
wards, 90® ;  and  inwards,  somewhat  less.  If  the  hip-joint  be 
exposed,  and  the  synovial  capsule  be  opened,  the  head  of  the 
bone  remains  in  the  socket,  or  acetabulum.  This  is  due, 
neither  to  the  ligamentum  teres,  nor  to  the  fibrous  rim  which 
deepens  the  socket,  but  to  atmospheric  pressure;  for,  on 
making  a  small  aperture  from  the  pelvic  cavity  through  into 
the  socket,  air  enters,  and  the  head  of  the  bone  faJls  out 
(Weber).  The  same  thing  happens  if  the  opened  joint  be 
suspended  imder  the  receiver  of  an  air-pump,  and  the  air  be 
then  exhausted. 

There  are  certain  forms  of  movable  joint,  which  require 
special  description.  The  articulation  between  the  upper  ends 
of  the  radius  and  w/zia,  sometimes  named  diarthrosis  rota- 
toriuSy  or  lateral  gtngli/muSy  may  be  called  a  ringj  or  collar- 
joint ;  for  the  side  of  the  head  of  the  radius,  convex  in  shape, 
is  received  into  a  little  cuplike  cavity  on  the  side  of  the  ulna, 
from  which  a  strong  ligamentous  ring  or  collar,  4,  fig.  54,  pasnae 
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f^CD  th©  cranium  and  first  vertebra  of  the  neck;  whilst  the 
tftfiima  of  the  head  from  fiide  to  side^  carries  the  atlas  with  it 
IpoQ  th«  nxi^%  the  upper  part  of  the  ^ine  may  partiuipata  in 
mk  these  raovenienta* 

In  certain  other  joints,  plates  of  fibro-cartilaginoiis  tiasntt 
r©  interfko&ed  between  the  articular  anrfoces  of  the  honea, 
ThtiSf  in  eacli  of  the  two  articulations  of  the  hW€r  jmi\  hj 
De&Ds  of  its  two  condyles  with  the  very  i^liallow  glenoid  fossaj 
^  the  two  temporal  bones,  there  ii  such  an  inier-artictiiar 
iiktge;  tliia  is  either  verythln^  or  perforated,  in  ita  centre^but 
^ck  Hi  ita  margin* ;  it  Is  perfectly  movable,  though  attadied . 
the  synovial  membrane  all  round,. and  it  follows  the  move- 
mente  of  the  jaw,  so  m  to  guard  it  from  dislocation.  The 
double  character  of  the  articulation  of  the  lower  jaw  with  tho 
tempond  bcoies  at  the  base  of  ihe  cranium,  alao  neoeMitMes  a 
hinge^like  action  of  this  upon  the  skull ;  at  tlie  barae  time, 
other  alighter,  lateral,  and  backward  and  forward,  inovemeiita 
are  permitted.  Again,  between  the  inner  end  of  the  ciavich 
and  the  sternum,  there  is  al^  an  intar-articiilar  fihro-cartilage, 
wTmi-Ii  p-i^icf...  oli|!Mn+^lv  from  tlii.^  upper  lior^liT  ff  tlvp  i"i*llar- 
bone  to  the  cartilage  of  the  first  rib,  close  to  the  lower  border 
of  llie  socket  in  the  sternum.  This  direction  is  the  one  best 
fitted  to  resist  thrusts  or  shocks  coming  from  the  shoulder, 
which  must  constantly  take  place  in  the  action  of  the  upper 
limb.  Passing  sideways  from  the  lower  end  of  the  radius  to 
th«  lower  end  of  the  ulna^  is  another  fibro-cartilage,  8,  fig.  54, 
which  ties  those  bones  together,  whilst  it  permits  the  radius, 
which  is  marked  on  its  inner  side  by  a  slight  concavity,  to  roll 
or  rotate  on  a  corresponding  convexity  upon  the  uLaa.  Lastly^ 
in  the  knee-joint,  are  two  remarkable  fibro-cartilages,  having  a 
more  or  less  crescentic  form,  and  hence  called  the  semilunar 
cartilages.  They  rest  on  the  upper  end  of  the  tibia,  and  present 
their  convex  thick  borders  towards  the  outer  and  inner  sides 
of  the  joint  respectively,  where  they  are  attached  to  the 
83movial  membrane  and  ligaments,  whilst  their  thin  concave 
borders  are  turned  towards  each  other,  i.e.  towards  the  centre 
of  the  joint ;  they  serve  to  deepen  the  two  shallow  sockets  on 
the  head  of  the  tibia,  into  which  the  condyles  of  the  femur 
are  received. 

ElcLStic  ligaments, — Between  the  arches  of  all  the  movable 
vertebrae,  with  the  exception  of  the  atlas  and  axis,  also  be- 
tween the  arch  of  the  last  lumbar  vertebra  and  the  correspond- 
ing part  of  the  sacrum,  very  peculiar  ligaments  are  found, 
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differing  in  nature  from  the  white  fibrous  ligaments  which,  as 
their  office  requires,  are  essentially  non-extensible.  These 
peculiar  ligaments,  the  ligamenta  suhfiava^  are  composed  of 
yellow  elastic  tissue,  and  are  highly  extensible  and  elastic; 
they  not  only  serve  to  connect  the  bones,  but  exercise  a  special 
mechanical  office,  yielding,  for  example,  to  permit  of  the  slight 
separation  of  the  vertebral  arches  firom  eadi  other  in  the  for- 
ward bending  of  the  spine,  and  asdsting  mechanically,  by  their 
elastic  recoil,  in  the  re-erection  of  the  body,  and  in  its  due 
maintenance  in  an  upright  posture,  thus  counteracting  the 
effect  of  the  muscles  which  would  flex  the  spine.  The  yellow 
elastic  tissue,  indeed,  is  used  here,  as  elsewhere,  in  the  economy, 
to  sustain  weight  or  any  force,  or  to  overcome  constant  re- 
sistance, without  the  expenditure  of  muscular  power. 

The  tendonSf  fascicB,  and  sheaths  of  the  muscles. — ^The 
tendons  of  the  muscles^  as  we  shall  immediately  see,  serve  to 
convey  the  muscular  force  from,  and  to,  definite  parts  of  the 
skeleton,  and  should  therefore  be  regarded  amongst  the  passive 
organs  of  locomotion  ;  they  have  merely  mechanical  functions, 
whether  they  be  considered  as  adjuncts  to  the  muscles,  or  as 
contributing  to  the  support  of  the  joints  over  which  they  pass. 
ThefascicB,  too,  are  strengthened  in  certain  parts,  and  are  so 
arranged  as  to  enclose,  or  bind  down,  subjacent  muscles,  gene- 
rally or  individual Ijj  in  special  sh(^aths^  and  so  prevent  tbeni 
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adecmUy,  aocoidiiig  to  their  pomtion  axid  uae;  and  so  likewise 
does  die  mmngement  of  their  fiuciciili.  Usoallj  these  latter 
are  disposed  loogitadinally,  but  sometimes  thej  form  circular 
bands.  On  thetroxik  of  the  bodjthe  muscles  are  genenJlj  broad 
and  flat;  in  the  limbs,  on  the  other  hand,  they  are  narrow  and 
cilongated-i-the  deep  ones,  howerer,  beinghere  also  broad.  Some 
of  the  broad  muscles  are  square ;  others  triangular,  or  lozenge- 
shaped ;  and  some  are  indented,  or  serrated,  at  their  edges ;  the 
long  muscles  are  £at  and  ribbon-shaped,  roxmd  and  fusi^rm, 
or,  when  their  fibres  are  attached  obliquely  to  the  sides  of  a  ten* 
don,  either  pennifbrm  or  semi-penniform.  For  the  most  part, 
the  muscles  are  attached  by  bodi  their  extremities  to  the  bones, 
ehber  directly,  or  indirectly  by  means  of  the  white,  flexible, 
Init  inelastic  cords,  called  tendons ;  but  sometimes  they  are  at- 
tadhed  to  bone  by  one  extremity  only,  the  other  being  fixed  to 
the  akin,  or  some  other  soft  part,  as,  e.^.,  certain  of  the  muscles 
of  the  fiuse,  and  those  of  the  eye-balL  Sometimes  a  muscle 
haa  no  connection  with  bone  whatever,  as  the  little  muscle 
in  the  palm  (palmaris  brevis),  and  the  orbiculaCs  muscle 
which  surrounds  the  mouth.  In  the  case  of  a  muscle  attached 
to  bone  by  one  end  only,  that  attachment  is  called  its  origin, 
the  other  being  termed  its  insertion  ;  in  the  case  of  muscles 
attached  at  both  ends  to  the  bones,  that  attachment  which  is 
nearer  to  the  centre  of  the  body,  and  which  is  also  usually  the 
more  fixed  point,  is  called  the  ongin^  whilst  the  more  distant, 
usually  the  more  movable,  attachment,  is  named  the  insertion. 
Muscles  may  have  two  points  of  origin,  or  heads  (biceps  of 
the  arm),  or  three  (triceps),  or  many  (great  serratus) ;  and, 
again,  some  muscles  have  more  than  one  point  of  insertion 
(flexorH  of  the  fingers  and  toes).  Muscles  sometimes  pass  from 
bone  to  bone,  over  only  one  joint  (deltoid),  but  often  they 
pass  over  two  (biceps),  or  more  joints  (fiexors  of  fingers  and 
toes,  and  long  muscles  of  trunk).  Tendons  of  origin  of  muscles, 
that  is,  tendons  by  which  they  arise,  are  usually  broad ;  whilst 
tendons  of  insertion  are  generally  long  and  roundish.  The 
tendons  of  origin  enable  a  large  number  of  muscular  fibres  to 
act  from  a  given  point  of  the  skeleton ;  whilst  the  tendons 
of  insertion  transmit  the  musciilar  force  to  some  other,  and 
equally  precise,  point  of  bone ;  hence,  they  are  inextensible, 
and  inelastic.  By  means  of  the  tendons,  also,  the  muscular 
force  is  more  conveniently  reflected  over  the  joints,  or  other 
parts  of  the  skeleton,  than  could  be  efiected  by  the  tender 
sensitive  muscle  itself;  in  this  case,  the  tendons  often  run  in 
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grooves  in  the  hones,  lined  by  cartilage.  It  is,  furthermore,  ob- 
vious that  by  the  use  of  tendons,  as  extensions  of  the  muscles, 
economy  of  muscular  tissue,  and  lightness  and  elegance  of  form 
around  the  joints,  are  secured.  In  certain  broad  muscles, 
however  (gluteus,  great  serratus),  the  muscular  fibres  arise, 
at  least  in  part,  directly  &om  the  periosteal  covering  of  the 
bones. 

In  imdergoing  contraction,  muscles  whidi  are  connected 
only  with  sofl  parts,  simply  constrict  or  tighten  those  parts. 
Muscles  which  arc  attached  by  one  end  to  bone,  and  by  the 
other  to  soft  tissues,  exercise  a  direct  traction  upon  those  parts, 
moving  them  in  accordance  with  their  mechanical  arrange- 
ments. The  tendon  of  the  superior  oblique  muscle  of  the 
eye-ball  passes  through  a  looj),  which  resembles  a  pulley,  the 
teiido!!  being  reflected  in  a  new  direction  beyond  it,  so  that 
the  movement  impressed  upon  the  eye-ball  is  at  an  angle  with 
the  line  of  direction  of  the  contracting  muscle.  When  muscles 
are  attached  by  both  ends  to  bones,  their  action  is  afler  the 
manner  o#the  so-called  levers  of  mechanics;  and  either  the 
efhcient  action  of  the  muscle  may  be  exerted  in  the  line  of 
direction  of  its  fibres  and  tendons ;  or,  by  the  reflexion  of  its 
tendon  of  insertion  over  some  bony  pomt,  its  force  may  be 
t'xerted  at  a  certiiin  aoj^Je  froin  its  own  dirGCtion.     It  is  im- 
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fti-ioeps,  ftnconeua)^  or  in  flesdng  the  same  (biceps,  braeliialb 

anticH8,  supinator  Jonfjiis) ;  but  on  the  other  hand,  miicli  njore 

^_4»inxoorvly,  many  muscles  concor  in  the  production  of  a  single 

^het;   aiiil^  indeed^  iodi  recti j,  nearly  every  muscle  of  the  hotly 

Bfk  4iiiiployed  b  nio^t  n^ovementSf  either  in  fbcing  some  parta 

tf^b/b  *kelotnn^  or  in  moving  other  jiarts, 

'  Vhs  f^/?«Vf  %  Olfaction  of  any  given  muscle,  depends  directly 
€>n  tb«  lefigth  of  YtM  fibres,  for  tlie  period  of  contraction  ia 
practlciilly  the  Sktne  in  loug  or  short  muscles,  the  fibreaof  one 
of  which  mny  be  twelve,  and  of  the  other  only  three  inches  in  i 
length  ;  and,  therefore,  tlse  amount  of  contraction  in  tht'in,  in 
n  given  time,  will  be  as  four  to  one.  On  the  other  hand,  the 
power*  of  contraction,  or  the  forcie,  of  a  muscle,  m  m  proportion 
to  the  number  of  ita  fibres ;  and  hence,  in  all  the  most,  powerful 
muBcks,  tho  tibres  are  very  short,  but  so  arranged  on  the 
tendons  as  to  be  very  numerous.  Notwithstanding  the  per* 
fection  of  these,  and  other  more  mechanical,  arrangoments  UL 
the  body,  it  happens  alwaye^  in  its  more  important  movarnentSi^ 
that  there  is  a  disproportionate  expenditure  of  actual  muBGular^ 
power,  in  compariflon  with  the  useful  work  aecompli?ihed. 
Thin  18  well  illustrated  in  the  effort  required  to  maintain  the 
position  of  standing  on  one  leg. 

Mechanics  of  the  Body, 

Under  this  head,  we  may  consider,  generally,  the  distribution 
of  weight  in  the  body,  or  its  centre  of  gravity^  its  basis  of 
support^  and  the  nature  of  the  levers  employed  in  the  move- 
ments of  its  several  parts. 

The  entire  body,  being  comparable  to  any  other  solid  mass 
having  certain  cubical  contents,  must  have  its  centre  of  gravity 
placed  at  the  point  of  intersection  of  its  three  planes — the 
median-vertical,  the  antero-posterior  vertical,  and  the  hori- 
zontal plane,  determined  by  reference  to  its  weight.  Of  these 
planes,  the  median-vertical,  of  course,  corresponds  with  the 
median  plane  of  the  body,  and  may  be  found  approximately 
by  a  plummet  line,  when  the  body  is  in  an  erect  position ; 
the  horizontal  plane  is  found  by  balancing  a  man,  lying  with 
the  arms  by  his  sides,  upon  a  plank,  which  is  supported  on  a 
transverse  knife-edge ;  and  lastly,  the  antero-posterior  plane 
is  determined  by  a  corresponding  method.  The  point  of 
intersection  of  these  planes,  or  the  normal  centre  of  gravity, 
when  the  arms  are  hanging  down  by  the  sides,  is  generally 
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said  to  lie  in  the  cavitj  of  the  pelyiB,  a  little  in  front  of,  and 
above,  the  lumbo-sacral  articulation ;  but,  by  Weber,  it  is 
said  to  be  in  the  promontory  of  the  sacrum,  and,  by  Meyer, 
in  the  vertebral  canal,  opposite  the  second  sacral  verteora. 
The  slightest  displacement  of  the  head,  or  inclination  of  the 
body,  a  swinging  or  lateral  elevation  of  either  arm,  or  even 
stooping,  clianges,  temporarily,  the  position  of  what  may  be 
called  the  symmetrical  centre  of  gravi^,  which  of  course 
shifts  its  situation  in  the  direction  of  any  partial  displacement 
of  the  movable  portions  of  the  fhune.  The  centre  of  eravity 
of  the  head  and  trunk  together,  in  the  sitting  position,  is  mid- 
way between  the  point  of  the  sternum  and  the  vertebral 
column ;  and  the  centre  of  gravity'  of  the  head  alone,  is  opposite 
a  point,  above,  and  anterior  to,  the  opening  of  the  external  ear. 
Elaborate  observations  have  also  been  made  as  to  the  position 
of  the  centres  of  gravity  of  the  upper  and  lower  limb^  and  of 
each  separate  section  of  the  same. 

The  basis  of  support  of  the  body,  necessarily  varies  in  the 
recumbent,  standing,  and  sitting  posture.  As  in  the  case  of 
other  solid  masses,  when  the  centre  of  gravity  is  so  placed, 
that  a  line,  let  fall  perpendicularly  from  it,  strikes  within  that 
base,  the  equilibrium  of  the  body  is  easily  maintained ;  but 
when  such  a  line  falls  beyond  the  base  of  support,  the  equili- 
brium of  the  body  becomes  unstable,  and  tibe  body  has  a 
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bctiwen  die  ftalcmm  7  and  the  power  p :  it  is  naed  in  raising 
a  weight  hj  putting  a  crowbar  underneath  it|  and  also  in 
iriieelmg  a  iriieel-bttrrow.  In  the  third  kind,  8,  the  power  p 
is  phoed  between  the  fblcmm  7  and  the  weight  w :  it  is  naed 
in  tlie  foot-piece  of  a  lathe,  and  in  drawing  a  ladder  from 
the  wall,  by  pulling  on  one  of  the  steps  near  the  bottom, 
^rfulst  the  foot  is  placed  to  prevent  its  slipping  out  Fire- 
tongi  and  sugar-tongs  are  double  levers  of  the  third  kind. 
On  comparing  the  three  kinds  of  levers,  it  will  be  aeen  that 
tlie  terms  on  each  side,  are  twice  repeated;  but  that  the 
middle  terms  consist^  req)eetivel7,  of  the  three  important 
elements  of  the  lever,  arranged  in  methodical  order,  vis.  in 
the  ftnt  kind,  the  folcrum  7,  or  point  of  support,  is  in  the 
middle  mace;  in  the  second  kind,  the  weight  w;  and  in 
the  third  Kind,  the  moving  power  p. 

In  the  body,  the  fulcra  are  sometimes  in  the  joints,  snd 
sometimes  at  the  extremity  of  a  limb,  in  contact  with  the 

Fig.  48. 


Fig.  48.  Example,  from  the  body,  of  a  lever  of  the  first  order,  shown  in  the 
balance  of  the  head  on  the  top  of  the  vertebral  column.  1,  position  of  the 
flilcrum.  at  the  articulation  of  the  cranium  with  the  first  cervical  vertebra; 
2,  the  weight,  or  excess  of  weight,  in  the  fore  part  of  the  head  and  tece; 
S,  the  power,  in  the  muscles  at  the  back  of  the  neck. 

ground,  or  with  some  external  point  of  resistance.  The  bones 
constitute  the  rigid  rods,  and,  with  the  parts  attached  to  them, 
the  weight  to  be  moved.  The  muscles  are  the  source  of  the 
power.  The  first  kind  of  lever  is  illustrated  in  the  adjustment 
and  movement  of  the  skull  upon  tlie  first  vertebra  of  itie  neck. 
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fig.  48 ;  the  ftilcrum,  1 ,  here  being  in  the  transvexae  plane  of  the 
two  articular  suriaces  of  the  atlas ;  the  weight,  2,  is  the  excess 
in  gravity  of  the  part«  of  the  head  and  face  in  front  of  the  joint, 
over  the  weight  of  the  parts  behind  it ;  whilst  the  power,  3, 
resides  in  the  muscles  at  the  back  of  the  neck,  extending  from 
the  spine  to  tlie  cranium.  The  movements  of  all  thevertebrc 
on  one  another,  from  above  downwards ;  the  movements  of 
the  lowest  lumbar  vertebra  on  the  sacrum ;  of  the  pelvis  on  the 
thigh  bones ;  of  the  thigh  on  the  leg ;  and  of  the  1^  on  the 
ankle,  are  also  examples  of  the  first  kind  of  leverage;  so  also 
is  the  extension  of  most  of  the  joints  in  the  limbs,  as  the 
elbow,  knee,  ankle-joint,  and  knuckles  of  the  fingers  and  toes. 
The  second  kind  of  lever  is  illustrated  in  the  foot,  whilst  it  rests 
upon  the  ground  with  the  heel  raised,  fig.  49;  here  the  fulcrum. 
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ribSf  in  raising  the  collar-bone  and  shoulder ;  and  especially  in 
the  flexion  of  all  the  joints  of  the  limbs.  The  most  familiar 
example  is  in  the  elbow-joint,  fig.  50  ;  here  the  fulcrum,  1,  is 
in  the  joint ;  the  weight,  3,  is  the  fore-arm  and  hand,  with- 
out, or  with,  some  additional  object  in  the  latter;  whilst 
the  power  is  in  the  biceps,  2,  and  brachialis  muscles,  which 
are  inserted,  respectively,  into  the  radius  and  ulna,  in  front  of 
the  centre  of  the  motion  in  the  joint. 

The  relative  advantages  or  disadvantages  of  the  several 
levers,  mechanically  considered,  depend  upon  the  proportionate 
distances,  in  each  case,  between  the  fulcrum  and  the  weight  on 

Fig.  50. 


Fir.  50.  Example  of  a  lover  of  the  third  order,  exhibit<'d,  in  raising  the  hand, 
by  bending  the  elb<^)W;  1,  the  fulcrum,  situated  at  the  centre  of  motion 'in 
the  elbow-joint  ;  2,  the  power,  partly  resident  in  the  biceps  muscle,  which 
is  fixe*!  to  the  radius :  the  two  heads  of  this  muscle  are  shown,  and  the 
dott«'d  lines  indicate  the  shape  of  the  contracted  muscle:  (the brachialis 
muscle  is  omitteil)  ;  :J,  :\,  the  weight  resident  in  the  fore-arm  and  hand,  which 
an*  shown  in  two  positions,  that  is,  l>efore,  and  after,  being  raised  by  the  con- 
traction of  the  muscles. 

the  one  hand,  and  the  fulcrum  and  the  power  on  the  other. 
The  distiince  from  the  fulcrum  to  the  weight,  gives  the  length 
of  the  tvei (J ht-arin  oi' the  lever  ;  whilst  the  distiince  from  the 
iulcruni  to  the  power,  gives  the  length  of  the  poiver-ann.  When 
the  weight -arm  and  the  power-arm  are  equal  in  length,  the 
power  to  balance,  or  counteract,  the  weight,  must  be  equal  to  the 
weight,  and  the  slightest  excess  will  overcome  its  resistance, 
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or  move  it.  When,  on  the  contrary,  the  power-arm  is 
longer  than  the  weight-arm,  then  the  power  needed  to  balance, 
and  to  overcome,  the  weight,  is  proportionally  so  much  less. 
Lastly,  when  the  power-arm  is  shorter  than  the  weight-arm, 
the  power  necessary  to  balance,  or  move,  the  weight,  becomes 
proportionally  so  much  greater.  Conversely,  when  an  advan- 
tage is  gained  by  a  particular  lever  in  regard  to  power,  there 
is  a  proportionate  loss  in  reference  to  the  velocity  of  movement 
in  the  weight ;  for,  though  when  the  power-arm  and  weight- 
arm  are  equal  in  length,  the  velocities  of  the  power  and  weight 
are  equal ;  yet  when  the  power-arm  is  longer  than  the  weight- 
arm,  and  there  is  a  gain  in  regard  to  the  useful  force  exerted 
by  the  power,  there  is  a  loss  in  the  velocity  of  the  weight, 
which  moves  through  a  smaller  space  than  the  power ;  and 
again,  when  the  power-arm  is  shorter  than  the  weight-arm,  in 
which  case  there  is  a  loss  of  power,  there  is  a  corresponding 
gain  in  the  relative  velocity  of  the  weight,  as  compared  with 
that  of  the  power. 

In  the  first  kind  of  lever,  the  lengths  of  the  weight-arm  and  of 
the  power-arm  may  either  be  equal,  or  may  vary  in  either  direc- 
tion ;  but  in  this  respect,  there  is  practically,  in  the  human  body, 
a  tolerable  equality  between  them.  In  the  second  kind  of  lever, 
however,  there  is,  necessarily,  always  an  advantage  of  length  on 
the  side  of  the  power,  subject  to  an  equivalent  loss  in  velocity ; 
audit  is  remarkable  that  almost  the  only  instance  in  which  this 
lever  is  employed  in  the  body,  is  where  great  force  is  needed,  viz. 
in  lifling  the  body  by  raising  the  heel  from  the  ground  ;  for  then 
the  whole  weight  of  the  body  has  to  be  lifted  on  one  limb,  as 
in  the  alternate  steps  in  the  act  of  walking.  In  the  third  kind 
of  lever,  the  power  necessarily  acts  always  at  a  disadvantage, 
accompanied,  however,  by  an  invariable  gain  in  velocity  on 
the  part  of  the  weight ;  and  hence  a  moderate  amount  ot 
contraction  in  the  biceps  of  the  arm,  for  example,  see  fig.  50, 
moves  the  hand  at  the  end  of  the  fore-arm,  through  a  relatively 
large  extent  of  space.  The  gain  in  velocity,  numerically 
estimated,  is  exactly  proportionate  to  the  length  of  the  weight- 
arm  of  the  lever,  as  compared  with  that  of  the  power-arm ; 
in  other  words,  to  the  distance  between  the  fulcrum  and  the 
weight,  as  compared  with  the  distance  between  the  fulcrum 
and  the  power.  If,  for  example,  the  latter  distance  be  one 
inch,  and  the  former  ten,  then  a  contraction  of  the  muscle  to 
the  extent  of  one  inch,  will  move  the  former  through  ten  inches 
of  space. 
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A  Ibiroe  aodiig  perpendioolarly  on  the  ann  of  a  leveri 
opeimtes  the  most  adYantageoiuIy ;  hence,  in  the  caee  of  mns- 
tam  acting  obliquely,  a  Ion  of  power  necesBarilj  occurs,  bo 
that  th^  require  to  be  proportiozudlj  increased  in  the  number 
of  tiieir  fibres,  which  gives  them  greater  power.  Speaking 
generally,  the  flexors  act  more  fiivourablj  uian  the  extensorB, 
and  moat  adyantageously,  as  thej  approach  the  utmost  limits 
of  their  contraction.  In  the  extensors,  moreover,  the  power 
aft  all  times  acts  obliquely ;  hence  they  are  larger,  or  more 
bulky,  than  the  flexors,  in  the  ratio  of  eleven  to  five. 

In  comparing  the  mechanism  of  the  various  movements  of 
tlie  body,  with  that  of  ordinary  levers,  it  is  important  to  note 
the  fiMSt,  generally  overlooked,  that,  in  the  living  body,  the 
power  exerted  is  intrinsic,  inst^id  of  being  extrinsic,  or  applied 
firom  without,  as  in  the  common  levers.  The  animal  me- 
chanism  presents,  indeed,  examples  of  the  exercise  of  what 
are  called,  in  mec^ianics,  intrinsic  forceB,  The  application  of 
anch  a  force  to  a  lever,  so  as  to  produce  motion  m  that  lever, 
necessitates  a  hinge-like  action  at  the  fhlcrum,  and  sometimes 
even  at  the  seat  of  the  weight,  otherwise  no  motion  could  take 
place.  Moreover,  the  production  of  this  intemid  motion  in- 
volves a  loss  of  actual  lifting  force,  acting  on  the  weight ; 
lastly,  there  is  not,  as  in  the  use  of  extrinsic  forces,  any  part 
of  the  weight  supported  from  without.  For  these  reasons,  a 
much  larger  amount  of  muscular  power  has  to  be  provided 
for,  in  the  intrinsic  exercise  of  force  within  the  body,  than  if 
the  force  employed  were  extrinsic,  or  were  applied  from 
without. 

External  resisting  Media: — Forms  of  progression* 

The  locomotive  acts  of  man  and  animals,  are  influenced  by 
the  media  upon,  or  in,  which  they  move,  and  their  whole  or- 
ganisation is  modified  and  adapted  accordingly.  Thus,  we 
observe  progression  upon  the  surfaces  of  solid  bodies,  per- 
formed either  in  air  or  in  water ;  progression  upon  water  in 
air ;  progression  in  water ;  and  lastly,  progression  in  the  air 
alone ;  but  locomotion  on  solids,  locomotion  on  or  in  WBter, 
and  locomotion  in  the  air,  constitute  the  chief  forms  of  pro- 
gression. 

In  ordinary  locomotion  upon  solids,  the  weight  of  a  man  or 
animal  is  supported  on  those  bodies;  and  in  moving  upon 
them,  the  centre  of  gravity  of  the  living  animal  is  invariably 
raised  from  the  base  of  support,  as  it  is  moved  onwards,  and 
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then  descends  again,  so  as  to  describe  a  curved  line.  The 
muscular  force  necessary  to  move  the  animal,  operating 
through  the  lever-like  bones,  impinges  on  the  solid  basis  of 
support ;  and,  as  this  is  assumed,  in  the  simplest  case,  to  be 
practically  immovable,  the  force  exerted  acts  upon  the  animal 
itself,  and  so  lifts  it,  and  moves  it  onwards  in  space.  Supposing 
the  base  of  support  to  be  more  or  less  yielding,  as  in  the  case 
of  soft  ground,  or  of  the  flexible  twig  of  a  tree,  then  a  certain 
amount  of  the  force  exerted  by  the  animal,  is  lost  in  disturbing 
the  basis  of  support,  a  part  only  being  left  to  accomplish  the 
movement  of  the  animal. 

In  progression  upon  a  solid  body,  performed  under  tcater^ 
the  siime  principles  are  involved;  but  the  muscular  effort 
required  to  lift  the  centre  of  gravity  of  the  animal,  is  much  less 
than  in  locomotion  upon  a  solid  support  in  the  air;  because  the 
weight  of  the  animal  is  partially  sustained  by  the  hydrostatic 
pressure  of  the  wat«r ;  and  only  that  part  of  its  weight,  which 
is  in  excess  of  the  weight  of  an  equal  bulk  of  water,  has  to  be 
lifted  up  from  the  base  of  support.  At  the  same  time,  the 
surrounding  medium  being  heavier  than  air,  a  greater 
resistance  is  offered  to  any  onward  movement ;  a  condition 
which  more  than  neutralises  the  advantage  just  named,  and 
which  renders  it  more  difficult  to  move  rapidly  at  the  bottom 
of  a  river^  than  to  nm  in  the  air. 
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of  iBih,  ia  mainly  supported  bj  the  equal  hydrostatic 
of  that  medium ;  and  only  that  smaller  portion  of 
ireig^t,  which  is  in  excess  of  the  weight  of  its  own  bulk  of 
water,  operates  so  as  to  make  it  descend  in  that  fluid.  Accord- 
inglTy  a  vay  small  proportion  of  the  muscular  power  exerted 
IB  MMorbed  in  the  effort  to  sustain,  or  lift,  the  centre  of 
gmrity ;  whilst  by  &r  the  larger  proportion  of  that  force  can 
be  employed  in  the  progressiTe  movement.  The  mode  in 
which  ths^  force  is  exerted  upon  the  water  behind  the  animal, 
flo  as  to  overcome  the  resistance  of  that  fluid  in  front  of  it, 
will  be  explained  in  speaking  of  the  swimming  offish. 

In  flight,  or  progression  through  the  air^  &e  resistance  of 
tlie  medium  in  which  the  animal  moves,  is  reduced  to  its  lowest 
possible  degree,  air  being  proportionally  so  light  and  elastic 
But  the  difficulty  of  moving  in  it  is  thereby  greatiy  increased ; 
ftr  almost  the  entire  weight  of  the  animal's  body  has  to  be 
xaised  from  the  earth,  against  its  gravity,  only  so  much  of 
that  weight  being  supported  by  the  air,  as  is  equal  to  the 
weight  of  an  equal  biilk  of  air,  i.  e.  an  almost  inappreciable 
quantity.  In  this  kind  of  movement,  therefore,  the  principal 
object  to  be  attained  by  a  bird,  for  example,  is  to  lift  and  sus- 
tain its  weight  in  the  air ;  tlie  progressive  movement  forward, 
being  the  result  of  the  co-operation  of  tiie  gravity  of  the  animal 
acting  downwards,  and  the  liiting  power  acting  upwards  and 
forwards.  The  feeble  resistance  of  the  air  to  the  movement 
of  the  bird,  is  more  tlian  counterbalanced  by  its  imperfect 
character  as  a  medium  for  support,  and  for  the  development  of 
that  reaction  which  is  necessary  lor  the  ascensive  and  progres- 
sive movements  of  an  animal  in  it.  The  manner  in  which,  by 
special  contrivances,  this  reactionary  force  is  obtained,  will  he 
described  under  the  head  of  flight  in  birds. 

On  comparing  the  three  chief  modes  of  progression,  it  ap- 
pears that  less  force  is  needed  in  the  fish  moving  in  water, 
than  in  the  (juadruped  moving  overland,  and  less  in  the  latter 
than  in  the  bird  moving  through  the  air.  Nevertheless,  it  ia 
a  good  illustration  of  the  perfection  of  the  mechanical  and 
physiological  adaptations  of  animals,  to  find  that  tlie  velocity 
attainable  by  certain  birds  is  greater  than  that  attained  by 
any  quadruped  or  fisli ;  the  rate  of  movement  of  the  hawk  is 
said  to  be  150  miles  per  hour;  that  of  the  swiftest  race-horse, 
Eclipse,  56  miles  per  hour ;  and  that  of  the  salmon  20  or 
25  miles  per  hour.  The  quick  walking  pace  of  man  is  about 
5  miles,  and  his  nmning  pace  about  10  miles  per  hour. 
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Locomotion  of  Man  on  Solids. 

The  only  position  of  the  human  bodjr,  in  which  the  muscles 
are  entirely  pasaive  and  relaxed,  is  the  recumbent  posture ;  the 
respiratory  muscles  in  that  case  being  alone  necessarily  in 
action.  Li  raising  the  body  from  such  a  position,  the  lower 
limbs  are  usually  drawn  up;  the  heels  are  planted  on  the 
supporting  surface,  to  offer  a  steady  basis  of  support ;  one  or 
both  upper  limbs  are  put  forward,  to  assist  in  balancing  the 
trunk  upon  the  tuberosities  of  the  ischial  bones,  an  act  which  is 
partly  performed  by  the  muscles  which  pass  from  the  thigh 
to  the  pelvis  and  vertebral  column;  the  vertebral  column 
itself  is  maintained  in  position  by  the  powerful  muscles  of  the 
abdomen,  acting  from  the  pelvis  upwards  upon  the  ribs; 
and  lastly,  the  head  is  supported  forwards  upon  the  trunks 
chiefly  by  the  action  of  the  stemo-mastoid  muscles. 

In  the  sitting  posture,  as  upon  a  chair  (and  also  in  that 
upon  the  ground),  the  weight  of  the  trunk  is  supported  upon 
the  tuberosities  of  the  ischia,  and  not  upon  the  lower  end  of 
the  vertebral  column  or  coccyx;  but,  in  this  attitude,  the 
weight  is  partly  balanced,  and  supported,  by  the  thighs  resting 
upon  the  chair,  whilst  the  feet,  touching  the  ground,  serve  to 
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bj  thfi  nraadet  of  the  back,  the  Tertebnl  oolomn  iadrmwn  into 
ma  upright  posture ;  and  Imatly,  by  the  mufldeB  at  the  back  ot 
the  nedc,  the  head  is  supported  upon  the  vertebral  colnmn, 
with  the  fiuse  directed  forwards.  In  this  action,  then,  of  rising 
from  the  sitting  postore,  the  sereral  angles  between  the  foot 
and  leg,  the  1^  and  ^igfa,  and  the  &gh  and  trunk,  are 
(qpened  out;  and  the  body  assumes  its  extreme  length. 

The  erect  posture,  the  characteristic  attitude  of  man,  ia 
tfaereibre  by  no  means  a  passiTe,  but  essentially  an  active,  atti- 
tude ;  and,  though  not  locomotiTe,  in  reference  to  the  base  of 
rapport,  is  really  a  locomotiTe  act  in  reference  to  vertical 
Wfmce  above  the  base  of  support.  It  requires,  indeed,  the  active 
and  energetic  employment  of  a  multitude  of  musdes,  not  only 
to  assume  it,  but  also  to  maintain  it,  as  is  well  illustrated  by 
the  ftcts,  that  children  are  unable  to  stuid  until  after  many 
trials,  and  that  adulta  stumble,  or  fell,  when  the  nervous  power, 
which  oonmiands  or  controls  the  muscles,  is  lessened  or  sus- 
pended, as  in  drunkenness,  apoplectic  seizures,  feinting,  or 
audden  suffocation ;  in  which  cases,  the  body,  with  its  .system 
of  internal  movable  levers,  the  bones,  doubles  at  its  various 
angles,  collapses,  and  falls  to  the  ground.  Nevertheless,  we 
find  on  examination,  that  tliese  bones  are  admirably  con- 
structed, and  shaped  for  supporting  their  own  weight,  and  the 
weight  of  the  parts  attached  to  them,  in  the  erect  position, 
every  portion  of  the  skeleton,  affording  directly,  or  indirectly, 
evidences  of  design  in  its  adaptation  to  that  posture  (see 
figs.  1,  2). 

Thus  die  human  foot,  from  its  great  breadth,  the  flatness  of 
the  toes,  and  the  parallel  arrangement  of  the  metatarsal  bones, 
figs.  51,  52,  is  admirably  adapted  for  the  support  of  weight. 
The  foot,  moreover,  forms  a  strong  double  arch.  The  chief 
arch,  fig.  52,  from  before  backwards,  passes  fix)m  the  broad 
OS  calcis,  or  heel  bone,  2,  through  the  astragalus,  1,  and 
other  bones  of  the  tarsus,  4,  6,  7,  and  metatarsus,  8,  as 
far  forward  as  the  balls  of  the  toes,  the  chief  support  in  front, 
however,  being  in  the  ball  of  the  great  toe.*  The  extension 
of  the  phalanges  of  the  toes,  9,  10,  11,  forwards,  from  this 
arch,  serves  to  increase  the  length  of  the  foot,  for  the  purposes 
of  holding  on  to  uneven  surfaces,  and  of  more  effectually 
raising  the  l>ody  over  the  foot  and  propelling  it  forwards  in  the 
act  of  walking  or  running ;  besides  this,  they  impart  elasticity 
to  the  step.  The  lateral  arching  of  the  foot  occurs  in  the 
middle  and  anterior  parts  of  the  tarsus,  and  in  the  posterior 
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and  middle  portions  of  the  metatarsas ;  it  contribntes  greatly 
to  the  strength  of  this  part  of  the  frame,  which  has  at  every  step 
to  bear  the  whole  weight  of  the  body.  The  marked  pro- 
jection of  the  heel,  2,  gives  a  great  advantage  in  leverage  to 
the  large  muscles  of  the  calf.    The  arching  of  the  foot  likewise 

Fig.  51. 


Fiif,  Bl.  Dorsal  or  upper  riew  of  the 
Ix^nes  uf  th^  Icit  fbot,  showing  its 
gnml  strvtipth,  brtmdth,  the  pdraSld 
tirrAnp<Tii43iit  otf  nil  iht  ta^s,  and  Ihe 
fcreAt  size  c^r  the  inuGrutosit  tof?.  1  id 
7,  the  targal  bon».  or  tamiA ;  1^  i 

heel  bf>riF ;  Sj  cuboid  bone; :  4*  vca< 
phoi^  hryUf*;  S,  6,  7.  the  thre^  eiiimi- 
turm  boiicit;  %,  the  Ave  mte^talars&l 
bonoR;  9.  W,  11.  th^  Qrst.  ieoondt  sud 
tblnl  row*  of  ph&laugpa. 
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huAf  puniig  ddier  between  or  aeron  ike  under  muftoes  of 
dwIwiMt;  the  abort  mnfldes  of  the  £>ot  also  contribute  to 
maintiin  its  arbh-like  form  (see  fig.  4),  and  even  l^e  strong 
pknttf  ftada,  widi  its  great  thickness  of  fibres,  serves  not  only 
to  protect  the  soft  parts  covered  bj  it  firom  injury  through  the 
aoleiy  but  also  contributes  to  maintain  the  antero-posterior  arch 
of  the  foot.  Thus  constructed,  the  arch  of  the  foot,  strong, 
and  yet  elastic,  fix>m  the  gliding  movements  of  its  joints,  and 
ynsBwwiiig  likewise,  without  diminution  of  its  strength,  a  slight 
wteral  motion,  at  the  ball  and  socket  joint,  between  the  as- 
tragahw  and  the  scaphoid,  is  capable  of  adapting  itself  readily 
to  like  unevenness  of  the  surfitces  on  which  we  tread,  and 
also  of  breaking  the  shock  produced  in  walking,  running,  leap- 
ing;  or  other  movements  of  the  body. 

At  the  ankUj  ^e  superincumbent  weight  of  the  body  is 
bonie  upon  the  broad  square  sur&ce  of  its  topmost  bone,  the 
aatragalusi  fig.  52,  1,  from  which  the  weight  is  transmitted  in 
the  atanding  posture,  partly  backwards  through  the  os  calds, 
2,  and  partfy  forwards  thi^ugh  the  other  tarsal,  6,  7,  and  me- 
tatarsal bones,  8.  The  surface  of  the  astragalus  is  received 
into  the  deep  quadrangular  recess  formed  by  the  lower  end  of 
the  tibia,  the  inner  ankle,  or  malleolar  process  of  that  bone, 
sind  the  outer  ankle,  or  malleolar  projection  of  the  fibula. 
With  the  exception  of  a  alight  lateral  play,  which  is  very 
limited  when  the  leg  is  at  right  angles  to  the  foot,  but  is 
somewhat  more  free  when  the  foot  is  fully  extended,  giving  a 
graceful  turn  to  the  limb,  the  chief  movement  here  permitted 
is  of  a  hinge-like  character,  in  which  the  tibia,  or  main  bone 
of  the  leg,  may  be  said  to  rock  backwards  and  forwards  upon 
the  astragalus. 

At  the  knee-joint,  the  femur  can  be  brought,  in  standing, 
in  a  straight  line  over  the  tibia,  so  that  the  one  bone  is  sup- 
ported on  the  other,  like  a  pillar.  The  chief  points  of  con- 
structive adaptation  here,  are  the  very  broad  and  slightly 
hollowed  siufaces  of  the  upper  end  of  the  tibia,  the  concave 
semi-lunar  cartilages  which  deepen  the  bearing  surface  of 
the  joint,  the  large  expanded  condyles  of  the  femur,  the 
strong  lateral  ligaments,  and  the  still  stronger  internal  cru- 
cial ligaments,  both  sets  being  attached  behind  the  axis  of 
motion;  and  lastly,  the  protective  influence  of  the  patella  in 
front,  and  also  the  increased  leverage  given  to  the  muscles 
fixed  to  that  bone.  The  knee-joint,  indeed,  is  the  largest  in 
the  body,  and,  from  its  breaddi  and  strength,  is  admirably 

p 


210 


SPECIAL  PHTSIOLOOT. 


smtcd  to  bear  the  weight,  and  sustain  the  shocks,  which  are- 
continually  brought  to  act  upon  it  One  point,  specially  no- 
ticeable, is  the  greater  length  of  the  inner  condyle  of  the  femur 
as  compared  with  the  outer  condyle — a  formation  necessary 
to  establish  a  horizontal  line  of  support,  from  side  to  side, 
between  the  femur  and  tibia,  at  the  knee-joint.  At  the  upper 
end  of  the  femur,  the  neck  is  elongated,  and  placed  at  an  angle 
with  the  shafl,  so  as  to  increase  the  breadth  of  the  body  for 
the  attachment  of  muscles  at  the  hips;  and  in  consequence  of 
this,  the  thigh  bones  incline  towards  each  other  from  the 
pelvis  to  the  knees,  so  that  the  1^  and  foot  may  be  brought 
more  directly  beneath  the  centre  of  gravity.  If,  with  this 
inclination  inwards  of  the  thigh  bone,  its  condyles  had  been  of 
equal  length,  there  would  either  have  been  a  certain  interval 
between  Uie  internal  condyle  and  the  head  of  the  tibia,  or,  if 
the  tibia  had  been  elevated  at  that  edge  to  meet  the  lemur, 
the  bearing  surface  of  the  knee-joint  would  have  formed  an 
inclined  plane  downwards  and  outwards,  and  so  would  have 
presented  a  condition  of  constant  insecurity.  The  great 
relative  strength,  and  length,  of  the  human  femur,  are  also 
associated  witib  the  firmness  of  posture,  and  the  rate  of  loco- 
motion, of  man. 

At  tlie  htp-JQintt  the  depth  of  the  acetabidum,  especially 
the  overlo raging  of  its  upper  iKjrder,  the  ipcre^aed  prot^.^ctioii 
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of  llie  Tertebxml  oolnmn  to  Ihe  t?ro  hip-jointa,  and  thenoe  to 
die  hflsds  of  the  thigh  bones.  The  large  and  projecting  snr- 
flMMS  of  the  pdvifl  are  occupied  entirely  by  muaciilar  attaoh- 
mentii  and  they  afford  great  leverage  for  those  mnfldes  which 
paa  upwards  nrom  the  lower  limbs,  and  aenre  to  balance  the 
pelTia  upon  the  thighs. 

The  great  size  of  the  upper  part  of  the  sacnuny  and  its  mode 
of  afttacament  between  the  innominate  bones,  the  breadth  and 
.  mass  of  the  bodies  of  the  lumbar  yertebrn,  the  gradualfy- 
diminiiihing  size  of  these,  and  of  the  dorsal  and  cervical  ver- 
lebne,  in  passing  from  below  upwards,  in  accordance  with  the 
■oocessiTOy  diminished  weight  which  they  have  to  bear,  are 
arrangements  evidently  in  harmony  with  the  erect  position  of 
the  body  (see  figs.  10,  11,  12).  The  length  and  breadth  oi 
the  qunous  processes  correspond,  severally,  with  the  strength 
of  the  musdes  connected  with  them  at  different  parts  of  the 
qnne,  senring  to  increase  their  leverage  and  their  surfiicea 
of  attachment.  Moreover,  the  direction  of  these,  as  well  as 
of  the  transverse  processes,  is  horizontal  in  the  loins  and  neck, 
so  as  to  permit  of  rotatory  movements  in  those  regions; 
whilst,  in  the  back,  the  spinous  processes  overlap  each  other, 
and  the  transverse  processes  are  so  connected  widi  the  ribs,  as 
to  impede  such  rotation,  whereas  they  do  not  prevent  extreme 
forward  bending  in  that  part  of  the  vertebral  column.  In 
the  neck  and  loins,  the  bending  of  the  column  takes  place 
chiefly  in  the  backward  direction.  The  presence  of  the 
inter- vertebral  substances,  figs.  10,  12,  and  their  effect  in 
imparting  elasticity  and  diminishing  shock,  have  already  been 
noticed.  Lastly,  the  curvatures  of  the  spinal  column  itself, 
presenting  an  anterior  convexity  in  the  neck,  a  posterior  con- 
vexity in  the  back,  and,  again,  an  anterior  convexity  in  the 
lumbar  region,  also  increase  the  elasticity  of  the  vertebral 
column,  and  diminish  the  effects  of  concussion,  the  lines  of 
force  passing  out  through  various  parts  of  a  curve,  instead  of 
being  continued  throughout  the  whole  length  of  a  straight 
line.  The  several  curves  of  the  epine  are,  moreover,  so  ad- 
justed, that,  in  the  erect  posture,  a  perpendicular  line  from  the 
summit  of  the  movable  part  of  the  vertebral  column,  would 
fall  through  the  centre  of  it3  base. 

The  peculiar  mode  of  adjustment 'of  the  head  upon  the 
trunk,  fig.  12,  also  affords  proof  of  the  special  adaptability  of 
man  to  the  erect  position;  for  the  foramen  magnum  of  the 
occipital  bone,  is  placed  farther  forward  in  the  base  of  the 
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Bktdl  than  in  the  vertebrate  animalB  generallj,  showing  a  spe- 
cial fitness  for  the  support  of  the  head  upon  a  vertical  or 
upright  vertebral  column,  instead  of  at  the  end  of  a  vertebral 
coliunn  more  or  less  inclined  towards  the  horizon.  In  man, 
the  foramen  magnum  is  placed  a  little  behind  the  centre  of 
the  skull,  which  is,  therefore,  not  quite  exactly  balanced,  but 
exhibits  a  slight  tendency  to  incline  forwards,  when  muscular 
effort  is  relaxed  from  fatigue,  Minting,  or  sleep.  The  absence 
of  prominent  ridges  on  the  cranial  surface,  also  indicates  that 
its  supporting  muscles  do  not  require  the  advantages  of 
leverage,  which  they  usually  possess  in  animals ;  the  shortness 
of  the  cervical  spines,  and  the  want  of  a  ligamentum  nuchas, 
are  &ct8  having  a  like  bearing.  The  position  of  the  mouth, 
and  of  the  several  organs  of  the  senses,  especially  of  the  eyea, 
in  relation  to  the  wants  of  man,  also  demonstrates  his  fitness  for 
the  upright  posture. 

Finally,  the  absolute  imfitness  of  the  upper  limb,  if  exa- 
mined from  its  single  point  of  bony  support  at  the  inner  end 
of  the  collar-bone  to  the  tips  of  the  fingers,  whether  con- 
sidered as  regards  its  position,  length,  size,  shape,  or  the 
structure  of  its  several  parts,  for  bearing  any  share  of  the 
weight  of  the  body,  affords  a  negative  argument  in  &vour  of 
the  intended  erect  attitude  of  man. 

Til  us  constructed,  and  adapted  for  the  a-ect  positioTi^  the 
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Ae  jdvteal,  addnetoTy  iliac,  and  psoaa  mnaclaB.  The  apiiie 
ilMn  is  kept  erect  by  the  poweriul  erectores  apins  mnaolei^ 
idded,  howerer,  by  many  othen.  Lastly,  1^  he^  is  balanced 
on  die  neck  by  the  complexiy  q>Ieniiy  itemoniaatoideiy  and 
odier  deeper  miuclea.  At  the  knee-jointi  the  cmcial  liga- 
moati  are  stretched,  as  the  thigh  aaBomea  the  rertical  poeition 
ovw  fihe  kga;  the^  thus  retain  those  bones  in  iqipositioo,  like 
a  rigid  pilkr,  with  little  or  no  mnscolar  effort.  The  ligfr- 
n  teres,  and  the  eztemal  aocesBozy,  or  ilio-ftoMjcal, 
at  in  front  of  the  hip-joint  (see  fig.  1),  perform  the 
oOm  there.  The  elastic  ligaments  connecting  the 
B  of  the  TertebrsB  behind,  economise,  as  already  men* 
tkmed,  Ihe  mnscolar  power  of  the  erector  mnsdes  of  the 
spne.  The  mnsdes  at  the  back  of  the  neck,  are  instino- 
Uwtiy  reHered  by  a  alight  inclination  of  the  head  backwards^ 
ao  as  to  bring  the  centre  of  gravity  over  the  basis  of  sapporfc 
in  the  yertebral  colnmn. 

In  ihns  standing  erect  on  both  l^gs,  the  weight  of  the  body 
is  tiannnitted  perpendicnlarly  through  the  yertebral  column; 
thence,  laterally  and  obliquely,  through  the  eacrum,  to  the 
hip-bones;  and  thence,  through  the  lower  limbs,  to  the  ground. 
In  this  position,  the  centre  of  gravity  is  placed  perpendicu- 
larly over  the  middle  of  the  basis  of  support,  which  corre- 
sponds with  the  surface  of  the  ground  covered  by  the  feet,  and 
with  that  forming  the  interval  between  them ;  a  line  let  &11 
from  it  passes  midway  between  the  inner  ankles.  The  natural 
alight  eversion  of  the  feet,  materially  increases  the  mechanical 
base  of  support,  over  which  it  is  easy  to  maintain  the  weight 
of  the  body.  In  standing  at  ease,  one  leg  bears  nearly  all  the 
weight  of  the  body,  whilst  the  other  is  simply  planted,  at  a 
little  distance  forwards,  upon  the  ground ;  the  tnmk  inclines 
over  the  limb  which  bears  the  weight,  and  a  line  let  fall  from 
the  centre  of  gravity,  now  passes  through  the  middle  of  the 
ankle-joint  of  that  foot;  the  limb  being  stiffly  extended, 
the  ligaments  of  the  knee  and  hip-joints  are  so  stretched  on 
that  side,  as  to  save  muscular  power.  On  the  opposite  side, 
the  pelvis  is  lowered,  the  thigh  is  bent  a  little  upon  it,  and  the 
1^  a  little  on  the  thigh ;  so  that  the  muscles  of  that  leg  also 
thus  obtain  some  rest.  In  standing  entirely  on  one  leg^  a  line 
from  the  centre  of  gravity  passes  througn  tl&t  limb  to  the 
ground ;  and,  unlike  the  position  just  mentioned,  this  attitude 
demands  considerable  muscular  effort,  especially  to  keep  the 
1^  and  thigh  erect  upon  the  ankle  and  knee,  and  to  balance 


214 


SPECIAL  PHYSIOLOGY, 


the  pelvis,  which  inclines  over  to  the  same  side,  upon  the 
head  of  the  thigh-bone.  Standing  on  one  1^  soon  becomes 
very  fatiguing,  not  only  because  the  limb  has  to  bear  double 
the  usual  weight,  but  because  the  base  of  support  is  so 
reduced,  that  more  energetic  muscular  action  is  needed,  in 
order  to  keep  the  centre  of  gravity  in  the  proper  position  over 
it.  It  has  been  computed — and  it  is  quoted  as  an  example  of 
the  disproportion  already  mentioned  as  prevailing  between 
the  muscular  power  expended,  and  the  useful  work  accom- 
plished— that,  in  raising  the  heel,  and  standing  on  tip- toe  on 
one  foot,  the  muscles  of  the  calf  must  develop  80  times  more 
force  than  would  directly  coimterpoise  the  weight  of  the  body ; 
80  that,  if  the  latter  be  taken  at  150  lbs.,  the  muscles  of  the 
calf  must  exert  an  effort  equal  to  12,000  lbs.  In  the  act  of 
walking,  as  we  shall  see,  the  body  is  partly,  and  in  the  act  of 
•nmning,  entirely,  supported  in  this  way  during  a  certain  part 
of  every  step. 

The  act  of  walking  is  accomplished  by  means  of  alternate 
unsymmetrical  movements  on  the  two  sides  of  the  body,  per- 
formed at  the  ankle,  knee,  and  hip-joint,  the  trunk  being  kept, 
as  nearly  as  possible,  in  a  state  of  equilibrium,  though,  as  we 
shall  immediately  show,  its  centre  of  gravity  is  not  merely 
carried  forwards,   but  undergoes  both   vertical   and   lateral 
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kg ;  in  tlda  pomtion  of  the  segments,  it  is  shortened  by  about 
^ne-ninth  part  of  its  length,  so  that  ^e  toes  should  keep  dear 
of  tiie  ground.  The  limb,  in  its  torn,  is  now  swnng  forwards, 
to  be  planted  on  die  ground  in  advance  of  the  body,  the 
oenftre  of  grayity  being  again  carried  forwards,  downwards, 
and  orer  to  die  same  side,  and  the  foot  being  finally  planted 
on  the  ground,  as  before.  A  repetition  of  the  same  move- 
mentSi  with  the  same  resolts,  is  performed  by  the  two  limbs 
atoemately.  Regtu^ding  die  body  as  a  whole,  the  centre  of 
gra^tj  is  not  moved  directly  forward,  at  a  uniform  height 
from  die  ground,  in  any  mode  of  progression.  Such  a  oon- 
di&n  does  not  tske  place  in  any  living  animal,  though  it 
happens  in  the  case  of  inanimate  objects,  such  as  carts,  loco- 
motirea,  or  masses  of  matter  dragged  over  horizontal  surfiLcea. 
In  the  living  body,  to  advance  implies  an  elevation  of  the 
oentre  of  gravity,  followed  by  a  slight  descent ;  in  other  words, 
the  body  is  lifted  and  fiJls  at  evexy  step  forwards,  and  so 
describes  a  vertical  oscillation,  which  has  been  estimated  at 
about  one  inch  and  a  quarter  in  extent.  As  above  shown, 
lateral  oscillations  also  occiiry  due  to  the  alternate  shiftings  of 
the  centre  of  gravity  from  a  point  over  one  leg  to  a  point 
over  the  other.  In  walking,  the  advancing  foot  invariably 
touches  the  ground,  before  the  hinder  foot  is  lifted ;  so  that 
in  this  mode  of  progression,  there  is  a  short  period,  during 
which  both  limbs  touch  the  groimd,  alternating  with  a  longer 
period,  in  which  only  one  limb  rests  upon  the  base  of  sup- 
port. The  general  rate  at  which  man  can  walk,  depends  on 
the  length  of  his  lower  limbs,  the  thigh  being  unusually  long. 
The  pace,  in  particular  cases,  is  regulated  by  the  length  of 
the  1^,  and  by  the  muscular  efforts  employed  to  secure  rapidity 
of  step.  In  rapid  walking,  almost  every  muscle  of  the  body 
is  exercised ;  the  duration  of  the  step  is  shortened,  and  so  alno 
is  the  length  of  time  during  which  both  feet  touch  the  groimd 
together ;  the  length  of  the  step  may  be  either  shortened  or 
increased.  In  the  case  of  a  man,  walking  at  the  rate  of  4  miles 
an  hour,  and  whose  legs  were  34  inches  in  length,  the  num- 
ber of  steps  taken  in  15  minutes  was  2,000,  the  length  of  each 
step  2*64  feet,  and  the  period  of  each  step  '45  of  a  second 
(Vasey).  In  very  quick  walking,  the  rate  has  been  nearly 
5^  miles  per  hour,  or  about  7'9  feet  per  second.  It  has  been 
shown  that,  whilst  in  slow  walking,  Uie  advancing  limb  per- 
forms as  complete  an  oscillation  as  its  length  will  permit,  and 
is  off  the  ground  for  two-thirds  of  a  second,  in  very  quick 
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walkiDg,  and  in  running,  the  limb  performBonly  half  an  oscil- 
lation, but  in  much  less  time,  that  is,  in  leas  than  half  a  second  : 
again,  in  slow  walking,  the  supporting  limb  is  in  contact  with 
the  ground  one- third  of  a  second,  but,  in  quickened  walking,  a 
shorter  and  shorter  time,  until  at  length,  in  running,  the 
duration  of  such  contact  is  only  a  small  fraction  of  the  time 
in  which  the  other  leg  is  swinging. 

To  the  act  of  running^  which,  like  walking,  consists  of  un- 
symmetrical  movements,  there  is  a  transition  from  rapid  walk- 
ing, in  the  step  known  as  'the  double.'  In  true  running, 
which  might  perhaps  be  confounded  with  quick  walking,  the 
distinguishing  character  is  that  both  feet  are  never  on  the 
ground  together,  the  hinder  foot  being  raised  a  brief  interval 
before  the  advancing  foot  comes  to  the  groimd ;  so  that  in 
running,  there  is  a  short  interval,  during  which  one  foot  only 
is  on  the  ground,  and  then  a  longer  interval  in  which  botli 
feet  are  oS*  the  ground,  and  the  body,  instead  of  being  alter- 
nately propelled,  is  continuously  swung  forwards  in  the  air. 
The  centre  of  gravity  not  only  advances,  but  oscillates  in  the 
same  manner  as  in  walking ;  the  curve  described  in  ascend- 
ing and  descending,  varies  from  three-quarters  of  an  inch  to 
an  inch  and  a  quarter,  and  the  lateral  oscillations  are  less 
than  in  walking,  in  consequence  of  the  advancing  foot  being 
broTight  Tnore  nearly  under  the  middle  line  of  the  body*     In 
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Tliu  is  oompennted  for,  or  ooimtencted  by,  A  cor- 
j  tewwdmorament  of  the  c»ppo«tite  ann,  aco^ 
mcibj  moflcalar  exertion,  but  by  a  swingiiig  or  pendolum-like 
•elioii,  whioh  aerTea  to  restore  the  balaace  of  the  upper  part 
«f  the  trunk  It  has  likewise  been  ahown  by  the  brotnen 
Weber,  to  whom  we  are  indebted  for  most  of  our  knowledge 
.  on  tlua  subject,  that  l^e  forward  movement  of  the  lower  limbs, 
fhaofjti  guided  by  the  muscles,  especially  in  the  maintenance 
ef  aoeh  a  length  of  the  limb  and  elevation  of  the  toes,  as  will 
nerent  these  from  striking  the  ground,  is,  mechanically  consi- 
dered, and  in  1^  main,  a  pendulum  motion;  and  that  the  weight 
of  die  limb  itself  is,  in  part,  supported,  as  already  explained, 
by  die  pcarore  of  the  atmosphere  transmitted  to  Uie  hip-joint. 
Ike  full  swinging  movement  of  the  lower  limb,  allowance  being 
made  for  the  forward  motion,  through  apace,  of  the  acetabulum, 
«r  point  of  suspension,  is  almost  exactly  equal  to  the  osdlla- 
don  of  a  pendulum  of  the  same  length,  at  l^e  same  part  of 
die  earth's  surfoce,  both  in  extent  and  velod^.  Theeocmonqr 
ef  mnaoular  power  thbs  obtained,  is  sufficiently  obvious. 

In  leaping  from  both  feet,  the  muscular  acts,  unlike  those 
performed  in  walking  and  running,  are  symmetrical  on  the  two 
sides  of  the  body.  The  centre  of  gravity  is  first  lowered  con- 
aderably,  by  the  bending  of  the  joints  of  the  lower  limbs,  and 
by  leaning  forwards  with  the  trunk  ;  in  this  position,  a  line 
let  £sdl  from  the  centre  of  gravity,  passes  down  through  the 
balls  of  the  toes,  from  a  point  anterior  to  the  sacro-limibar 
articulation,  in  consequence  of  the  forward  projection  of  the 
head  and  arms.  By  the  sudden  and  violent  contraction  of 
the  extensor  muscles  of  the  lower  limb,  which  are  much 
stronger  than  the  flexors,  that  is,  by  the  powerful  action  of 
the  muscles  of  the  calf,  of  those  in  front  of  the  thigh,  and  of  the 
gluteal  and  other  muscles  at  the  back  of  the  hip,  the  more 
or  less  acute  angles  formed  at  the  ankle,  knee,  and  hip,  are 
simultaneously  opened,  and  the  centre  of  gravity  is  lifted  up- 
wards, or  upwards  and  forwards,  according  to  the  inclination 
of  the  trunk,  or  to  the  special  direction  of  Uie  impulse.  Leap- 
ing consists,  therefore,  of  a  series  of  jerks  of  the  body,  pro- 
duced by  single  powerful  efforts.  In  leaping,  the  legs  are  first 
drawn  afler  the  body,  but  they  soon  advance  forward  to  re- 
ceive the  descending  weight;  and  leaping  is  distinguished 
from  running,  in  tliis ;  that  the  centre  of  gravity  is  raised  so 
high,  and  for  so  long,  in  the  air,  that  the  lower  limbs  are  able 
to  complete  their  forward  oscillation,  and  so  accomplish  a 
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very  long  step  or  leap.  In  the  combination  of  leaping  with 
running,  the  velocity  of  the  body  acquired  in  the  former  act, 
is  superadded  to  the  impulse  of  the  leap,  and  so  the  total 
length  of  the  spring  is  increased.  The  forward  impulse  of 
the  body  is  shown  by  the  movement  of  the  arms  in  alighting. 
Hopping  is  peribrmed  on  similar  principles  to  the  leap,  but 
the  spring  tsJses  place  from  one  leg  only. 

There  are  some  other  movements  which  need  not  be 
particularly  described,  such  as  creeping,  and  climbing,  or 
letting  oneself  down  a  rope  or  tree.  Swimming  is  a  special 
mode  of  progression,  which  will  be  presently  noticed. 

Locomotion  of  Animals  on  Solids, 

In  the  higher  Qaadmmana,  generally,  the  attitude  of  the  body,  in 
ordinary  progression,  is  semi-erect,  and  in  the  very  highest,  especially 
in  the  gorilla,  if  recent  observations  be  correct,  an  almost  perfectly  erect 
posture  and  gait  can  be  temporarily  maintained,  without  any  support 
from  the  anterior  limbs.  In  continuous  and  rapid  progression,  however, 
even  this  animal  leans  forward,  and  shambling  along,  supports  the  weieht 
of  the  fore-part  of  the  body  upon  its  long  anterior  extremities,  touching 
the  ground  alternately  with  the  back  of  the  knuckles  of  one  or  other  han(C 
and  moving  therefore  in  a  half-biped,  and  half -quadruped,  mode  of  pro- 
gression. Neither  in  the  gorilla,  orang,  or  chimpanzee,  does  the  skeleton 
exhibit  that  perfect  adaptation  to  the  erect  posture  which  is  seen  in 
man.  The  feet,  though  entitled,  from  their  function,  to  the  designation 
of  hands,  as  implied  by  the  title  Quadrumana,  are,  nevertheless,  anatom- 
ically constructed  after  the  manner  of  the  human  foot,  and  not  after  the 
fashion  of  the  hand.  But  the  foot  of  the  ape  is  far  less  perfectly  adapted 
to  bearing  weight  than  that  of  man.  THe  tarsus,  metatarsus,  and  pha- 
langes, are  proportionally  narrower  and  longer;  this  narrowness  is  due 
partly  to  the  general  slendemess  of  the  four  outer  metatarsal  bones  and 
their  phalanges,  but  also  to  the  altered  size,  position,  and  form,  of  the 
great  toe,  which  ceases  to  be  the  largest  toe  in  the  member,  and  is  no 
longer  placed  parallel  with  the  other  toes,  but  is  very  much  shorter  and 
smaller,  stands  inwards  from  the  rest,  and  in  these  respects,  as  well  as 
in  its  form  and  opposability  to  the  other  toes,  closely  resembles  a  thumb ; 
in  the  orang,  it  ceases  to  possess  a  long  flexor  muscle.  Moreover,  the 
08  calcis,  in  most  of  the  apes,  is  smfldl,  less  projecting,  straight,  and 
somewhat  raised  from  the  ground ;  the  arch  of  the  foot  is  less  pronounced, 
and  it  is  so  articulated  widi  the  leg,  that  it  is  not  faurly  applied  to  the 
ground  by  the  sole,  but,  more  or  less,  by  its  outer  border.  The  foot  of 
these  creatures,  indeed,  is  not  a  hand,  but  rather  a  grasping  or  prehensile 
foot;  and,  in  certain  men,  this  character,  as  manifested  by  the  slight 
opposability  of  the  great  toe,  is  not  entirely  absent.  In  descending  the 
scale,  the  foot  is  still  more  slender  and  prehensile,  the  great  toe  is  farther 
reduced  in  size,  has  no  independent  action,  and  the  foot  departs  more 
and  more  from  its  human  character,  ultimateljr  being  adapted  only  for 
mere  clasping,  as  in  the  spider  monkeys.     Besides  this,  in  the  Quadra- 
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msna,  the  bones  of  the  leg  are  more  or  less  bowed ;  and  in  the  ordinary 
poflition  of  the  tibia,  femur,  and  trunk,  in  standing,  these  segments  of 
the  animal's  frame,  are  placed  at  angles  to  each  other,  and  do-  not  rest 
in  the  form  of  aa  erect  perpendicular  column ;  the  surfaces  of  the  knee 
joint  are  comparatively  small ;  and  the  entire  lower  limb  is  not  only 
weaker,   but  altogether  shorter,   than  in  man;  whilst  the  arms  are 
lengthened,  in  various  proportions,  in  different  species,  so  as  to  enable 
them  to  reach  the  ground.     The  pelvis  is  narrower,  longer,  and  weaker. 
The  reitebral  column  does  not  present  that  marked  threefold  curve 
which  it  has  in  man  :  nor  do  the  vertebrae  exhibit  that  gradual  increase 
in  size  from  below  upwards,  which  they  present  in  him.    In  the  gorilla, 
orang,   and  chimpanzee,   there  are  only  four  lumbjir  vertebrae ;    the 
number  of  dorsal  vertebrae  bearing  ribs  is  thirteen  in  the  gorilla,  twelve 
in  the  orang,  and  thirteen  in  the  chimpanzee.     The  surfaces  of  the 
bodies  of  the  vertebrae  generally,  are  inclined  to  the  horizon ;  and  their 
spinous  processes   are   more  powerfully  developed  than  in  man,   to 
enable  the  posterior  or  erector  muscles  to  support  the  habitual  forward 
inclination  of  the  body.     These  characters  of  the  spines  are  particularly 
noticeable  in  the  upper  dorsal  and  lower  cervical  region,  where  they 
aflbrd  increased  surface  of  origin,  and  greater  leverage,  for  the  muscles 
intended  to  support  the  head.    The  cranium   itself  has  its  occipital 
foramen,  and  adjoining  condyles  for  articulation  with  the  neck,  situated 
further  and  further  back,  as  we  descend  in  the  Quadrumanous  scale ;  so 
that  the  weight  of  the  head  is  carried  at  a  mechanical  disadvantage,  as 
compared  with  man ;  a  disadvantage  counterbalanced  by  the  greater  de- 
velopment of  the  spinous  processes,  and  of  the  posterior  cervical  muscles. 
In  tile  lower  Quadrumana,  such  as  the  ateles  or  spider  monkey,  the 
attitude  and  mode  of  progression,  on  the  ground,  become  more  decidedly 
horizontal ;  the  anterior  and  posterior  limbs  being  now  of  nearly  equal 
length,  and  the  hands  and  feet  almost  exactly  resembling  each  other  in 
form.     In  the  lowest,  so-called,  Quadrumana,  as  in  the  Lemurs,  the  erect, 
or  partially  erect,  position,  is  only  momentarily  possible,  and  progression 
in  that  attitude  never  takes  place  ;  the  great  toe  ranges  with  the  others, 
and  bears  a  claw. 

In  the  Anthropoid  apes,  the  centre  of  gravity  is  placed  higher  up  in 
the  trunk  than  in  man,  owing  to  the  comparative  shortness  of  the  hinder 
limbs,  and  the  greater  proportionate  length  of  the  anterior  ones,  as  well 
as  to  the  forward  inclination  of  the  trunk.  In  the  lower  Quadrumana, 
the  centre  of  gravity  advances  still  further  forwards,  approaching  its 
normal  position  in  the  quadruped. 

In  the  Quadruped  mode  of  standing  and  locomotion,  the  intrinsic  power 
is,  as  usual,  obtained  by  muscular  force,  exerted  upon  movable  levers, 
having  their  points  of  support  and  resistance  upon  the  ground.  Their 
progressive  motion  is  compounded  of  the  results  of  muscular  force  and 
gravity.  Owing  to  the  near  approximation,  in  length,  between  the  fore 
and  hind  limbs,  and  to  the  latger  development  and  greater  length  of  the 
neck  and  facial  part  of  the  head,  to  which  the  prehensile  fimctions  aiB 
now  transferred,  the  centre  of  gravity  of  the  whole  body  is  advanced  for- 
wards, and  is  placed  somewhere  about  the  middle  of  the  thorax,  a  little 
behind  the  junction  of  the  fore-limbs  with  the  trunk.  It  is  mainly  in 
consequence  of  this  forward  position  of  the  chief  mass  of  the  body,  that 
is,  of  its  centre  of  gravity,  that  a  quadruped  animal  experiences  such 
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difficolty  in  the  act  of  rearing,  and  cannot  long  maintain  that  poeitian. 
The  size  of  the  muscles  of  the  hinder  limb,  the  nature  of  its  joints,  the 
angular  position  of  iU  segments,,  and  the  narrowness  of  its  base  of  sup- 
port at  its  extremity,  also  occasion  this  difficulty ;  whilst  the  mechanism 
of  the  vertebral  column,  the  absence  of  that  gradual  increase  in  sice 
of  the  bodies  of  the  vertebrse  from  the  nec^  to  the  lumbar  r^on,  the 
comjMiratiye  small  amount  of  intenrertebral  substance,  and  other  pecu- 
liarities, such  as  the  absence  of  the  triple  Tert«bral  curve,  and  the  re- 
lative size  of  the  pelvic  and  spinal  muscles,  display  a  want  of  adaptation 
for  the  erect  posture,  and  a  fitness  of  the  trunk  for  the  honsontal 
attitude.  The  position  of  the  head  at  the  end  of  the  neck,  and  the 
development  of  the  dorsal  and  cervical  spinous  processes,  also  show 
an  express  adaptation  to  this  horizontal  position.  The  trunk  of  the 
body,  especially  its  thoracic  part,  is  now  compressed  from  side  to  side ; 
and  the  anterior  limbs  are  attached  near  together  on  the  under  side 
of  the  trunk,  the  weight  of  the  fore-part  of  which  is  thus  more  easily 
supported.  The  hinder  limbs  arc  moderately  thrown  out  above  at  the 
pelvis,  but  are  also  inclined  towards  each  other  where  they  reach  the 
ground,  so  as  to  bring  the  base  of  support  there  also  under  the  wei^ 
to  be  carried. 

In  standing,  in  the  quadruped  position,  owing  to  the  forward  situation 
of  the  centre  of  gravity,  a  greater  amount  of  weight  is  carried  on  the 
anterior  than  on  the  posterior  limbs,  the  weight  not  being  equally  di- 
vided between  them,  as  might,  without  consideration,  appear  to  be  the 
case.  In  the  most  perfect  forms  of  quadruped  progression,  as,  for  ex- 
ample, in  the  active  Huminants  (stags,  antelopes,  &c.),  and  in  the  Soliped 
Piit-iiViilr'tniiiUt  Uiui'i?>s  /-I'brnp  duuki^^v ),  tlif  lurt-  limbs  am  bfvUgliL  Vrry 
neur  ir^igethpr  undfr  the  body,  there  being  no  collar-bouc  to  thruflt  them 
utwitrds  from  th^  fittirnunL:  owiiiK  to  the  ubseticc;  of  this  bone 
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,  «Im  i^jSmcnte  of  Oit  limbs  an  iboitar,  |liick«,  and 
I  plBpiodieilar  in  their  divBctioB ;  peenliariliw  whieh  inavMe  tha 
wa  of  dia  1imba»  bat  dioriniA  their  loeomotiTe  c^>abilitM% 
,  in  the  slower  and  move  anwidd j  aetioiia  of  thoae  bolkj 
In  the  T&iift'M^  and  more  actiTe  of  the  Biiminant»  ^i^s—mi^^ 
■a  IBoportkmallj  more  alender,  loader,  ttid  bttfa  the  acffBMOta 
dbead  at  BM»e  aeote  ang^ea,  eapedallj,  aa  ahaadynoCaeed^in  the  hinder 
tab;  «f  theac^  hoveiw,  the  horae  ia  the  beat  fitted  of  all  qaadnpeda 
ht  mM  and  anaigeCie  motion,  and  for  draaght,  and  oonatitatea  tha 
MBgMg  of  fandwged  locomotion.  TheFIyiqgCfaildenkanattherate 
of  4  milaa  in  6  minatea  and  2  aeoonds,  or  aboot  40  milea  anhoQr,idii]at 
Aa  pana  of  Bdi^  vaa  66  milea  an  hoax;  or  nearij  i  mile  in  a 
~^-  ""-^1  awiftaeas  of  the  horae  ia  mainlj  owing  to  the  aolilitj  of 
1  of  ita  limba^  wfaidi  oonast  of  an  enlaised  mid  **Frfflidff4 
_  r,  iHneh  oaniea  the  broad  and  wmA  hoot  In  tha 
f  Pbdhudermata,  the  toea  ane  moia  nvmerom,  being  tbwa  in  tha 

jn%  tar  in  the  hippopotamus  and  in  the  alejjhant  flfe^  endoaed 

li  aaa  »aai;  bat  the  foot,  thoodi  broader  for  eaziTmg  wei^t,  loaea  in 
tauMB.  Li  tha  deft  foot  of  the  Bnminantis  the  nomber  of  dwitB  ia 
tai^tvo  bearing  the  prc^MT  bisokate  hooCandtwotheq9axioashoo&; 
tapntaofthefootarethnieasilj^ireBdoiityBoaa  to  give  a  greater  hold 
lyonaalkgRmnd;  bat  it  exhibits  a  proportionate  degrae  of  weaknesa. 

Tlia  morements  of  quadrupeds  are  named  the  wdk,  the  amble,  the 
trot,  the  canter,  and  the  »illop.  In  the  act  of  walking^  a  quadruped  first 
morea  forward  one  fore-li>g.  and  then  the  opposite  hind-leg ;  next  the 
other  fore-leg  is  advanced,  and  then  the  opposite  hind-leg,  and  so  on  ; 
these  aereral  movements  being  perfectly  distinguishable,  and  following 
in  regular  sequence,  however  rapidly  the  animal  may  walk.  The  centre 
of  navitj  not  only  moves  forwards,  but  rises  and  falls,  and  moves 
dbbqnely  firom  side  to  side,  according  as  the  one  or  the  other  fore-foot  is 
being  advanced ;  moreover,  one  foot  only  is  off  the  ground  at  the  same 
moment,  the  advancing  fore-foot  always  being  placed  down  before  the 
Of^XMite  hind-foot  is  raised,  and  the  latter  being  placed  down  before  the 
opposite  fore-foot  is  raised.  In  trotting,  the  fore  and  hind  limbs  of  the 
opposite  sides,  are  advanced  simultaneously,  and  they  are  raised  from  the 
ground,  and  placed  upon  it  again,  also  simultaneously ;  so  that  the  centre 
of  gravity  is  supported  alternately  upon  the  right  fore-leg  and  left  hind- 
1^,  and  then  upon  the  left  fore-leg  and  right  hind-leg ;  and  in  thia 
movement,  there  is  much  less  lateral  oscillation,  indeed  scarcely  any  at 
an,  in  comparison  with  the  walking  movement,  as  the  rider  on  horseback 
practically  knows.  In  galloping,  both  fore-legs  are  lifted  from  the 
ground  almost  simultaneously,  and  the  body  of  the  animal  is  projected 
npwards  and  forwards,  by  the  extension  of  both  hind  limbs ;  the  weight  ■ 
m  the  body  then  descending,  is  received  on  both  fore-legs,  which  are 
brought  to  the  ground  again,  almost  at  the  same  instant  of  time,  when 
the  hind-legs  are  once  more  brought  under  the  body,  and  placed  almost 
simultaneously  upon  the  ground,  so  as  to  be  ready  for  the  performance 
of  another  spring.  Cantering  is  a  sort  of  slow,  measurea  gallop,  in 
which  a  longer  interval  of  time  elapses  between  the  placing  of  the  two 
fore-legs  and  the  two  hind-legs  upon  the  ground.  In  the  canter,  one  or 
other  pair  of  legs  only,  '\»  mised  from  the  ground  at  any  one  instant ;  so 
that  the  body  of  the  animal  is  always  supported  by  one  or  other  pair  of 
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limbs ;  but  in  the  ^lop,  there  is  a  period,  short  in  the  slow  gallop,  bnt 
more  and  more  prolonged  in  the  rapid  gallop,  as  in  the  active  strides  of 
a  race-horse,  when  all  four  limbs  are  off  the  gromid,  and  the  animal  is 
swinging  in  the  air. 

In  the  Camivora,  the  mode  in  which  the  feet  are  used  in  progression, 
has  led  to  a  threefold  division  of  that  class  into  the  digitigrade,  snch 
as  the  cat  and  dog  tribes;  the  plantigrade,  represented  by  the  bears ; 
and  the  palmigrade,  natatory,  or  swimming  Camiyora,  exemplifiod  by 
the  seals. 

Amongst  the  quadruped  Mammalia,  a  well-marked  distinction  may  be 
drawn,  as  regards  their  locomotive  powers  and  habits,  between  those 
which  possess  a  clavicle,  and  those  which  do  not.    As  already  stated,  in 
the  laiger  quadrupeds,  moving  like  the  horse,  zebra,  and  donkey,  there 
is  no  clavicle,  as  in  the  rhinoceros,  elephant,  hippopotamus,  hog,  ox, 
giraffe,  camel,  stag,  antelope,  goat,  sheep,  and  other  Ruminants.     In  all 
such  animals,  it  is  to  be  noted  that  the  anterior  limb  is  used  exclusively 
for  purposes  of  locomotion,  or  for  those  of  offence  or  defence ;  but  it  has 
no  prehensile  faculty.     In  a  great  number  of  the  four-footed  Mammalia, 
however,  the  anterior  limb  has  a  prehensile  character,  or  is  used  in  some 
special  manner  adapted  to  the  habits  of  the  animal,  in  addition  to  its 
mere  locomotive  function ;  in  such  cases,  a  collar-bone,  more  or  less 
perfectly  developed,  is  found.     Thus,  in  the  Camivora,  in  which  the 
anterior  limb  is  used  in  striking  or  seizing  the  prey,  a  short,  imperfect 
oollar-bone  is  found,  which  is  smaller  in  the  dogs  and  larger  in  the  eats ; 
in  the  seal  tribe,  it  is  absent.     A  slender  collar-bone  exists  in  certain 
Rodentia  (as  the  rabbit,  hare,  and  rat),  which  use  their  anterior  limbe 
in  scraping  and  burrowing;  and  in  the  squirrel,  which  can  climb,  seize, 
and  hold  nuts  and  other  food  in  its  fore-paws,  the  clavicle  is  well  de- 
veloped.   In  the  Cheiroptera  (bats)  the  anterior  limbs  are  organised 
for  flight,  and  also  have  a  clavicle,  which  is  long,  strong,  and  bent. 
This  bone  is  likewise  present,  and  strongly  developed,  in  the  burrow- 
ing Insectivora,  being  snort,  broad,  and  cubical  in  the  mole;  it  is  also 
lai>^e  in  the  Edentata  (armadillo,  ant-eater).    Even  in  the  low  Marsu- 
pials (as  the  kangaroo),  which  have  considerable  prehensile  power  in 
their  comparatively  small  fore-limbs,  the  clavicle  is  present.     In  this 
creature,  the  quadruped  mode  of  progression  is  only  occasionally  em- 
ployed ;  but  its  more  active  movements  consist  of  powerful  leaps,  which 
It  performs  by  the  sudden  extension  of  its  laige  hinder  limbs,  and  by 
the  flexion  of  its  powerful  tail,  the  muscles  of  both  of  which  parta 
are  enormously  developed ;  there  is  a  sharp  claw  on  the  large  fourth 
toe,  which  is  used  to  tear  open  the  flank  of  an  attacking  animal.   With 
the  kangaroo,  a  very  common  attitude  is  a  semi -erect  position,  main- 
tained by  resting  upon  the  hinder  limbs  and  tail.     The  squirrel,  like- 
wise, uf«e8  ltd  laiye  bushy  tail,  both  as  an  organ  of  support  in  sitting, 
and  also  in  leaping. 

A  still  further  deviation  from  the  ordinary  mode  of  progression  on 
land,  in  Mammalia,  is  witnessed  in  the  seals,  which  animals,  when  out  of 
the  wator  and  moving  over  the  ground,  accomplish  this,  partly  by  a  feeble 
and  awkward  motion  of  the  anterior  paddle-like  limbs,  and  partly  by  a 
wriggling  motion  of  the  hinder  portion  of  the  tody.  The  Cetaceans 
probably  flounder  still  more  helplessly  upon  the  grcuiid. 
In  Birds,   the  attitude  upon,  and  mode  of  progression  over,  solid 
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surfaces,  is  biped,  or,  as  in  the  case  of  many  birds,  whilst  resting  or 
actually  sleeping,  the  st^mding  position  is  accomplished  upon  one  log 
only,  or  is  uniped.  The  centre  of  gravity  being  situated  very  far  for- 
ward in  tihe  body  of  a  bird,  owing  to  the  groat  size  of  its  pectoral 
muscles  and  wing  bones,  the  trunk  is  usually  held,  in  the  standing 
position,  inclined  very  little  from  the  vertical  direction,  so  as  to  bring 
the  weight  more  over  the  base  of  support  in  the  soles  of  the  feet.  The 
lumbar  and  dorsal  regions  of  the  vertebral  column  are  very  strong,  and 
exbibit  but  little  power  of  bending.  To  aid  in  supporting  the  weight, 
this  base  is  extended  forwards  by  the  elongation  of  the  phalanges  of 
the  toes;  and  to  give  the  necessary  rigidity  to  the  trunk,  the  pelvis 
and  lumbar  region  are  solidified  together,  whilst  the  dorsal  vertebrs 
are  capable  only  of  comparatively  slight  motion,  the  respiratory  move- 
ments being  performed  rather  by  the  descent  of  the  sternum,  than 
by  any  expansion  of  the  ribs :  the  neck  also,  which  is  usually  long  in 
birds,  to  suit  the  prehensile  character  of  the  bill,  is  capable  of  being 
folded  back  over  the  trunk,  so  as  to  bring  its  weight  over  the  base  of 
support ;  the  wings,  as  usually  folded  in  walking,  also  serve  to  transfer 
weight  to  the  hinder  part  of  the  body.  In  standing  on  a  level  surface, 
the  weight  of  the  bird  is  transmitted  through  the  elongated  metiitarsal 
bones,  and  is  then  distributed  through  the  several  toes,  the  length  of 
which  varies  in  different  species,  acconling  to  the  hardness  or  soilness 
of  the  ground  on  which,  in  accordance  to  it«  habits,  it  usually  has  to  run. 
In  other  instances,  the  foot  is  better  suited  for  grasping  more  or  less 
prominent  surfaces,  or  even  the  trunks  and  smaller  boughs  of  trees, 
bushes,  or  other  plants  ;  in  which  case,  the  toes  are  short^jr  and  stronger. 
In  some  scansorial  tribes  or  climbing-birds,  one  of  the  three  toes,  which, 
in  other  birds,  are  turned  forwards,  is,  at  the  will  of  the  bird,  or  else  per- 
manently, turned  backwards,  so  that  there  are  two  toe*  in  front  and  two 
behind,  an  arrangement  which  gives  great  holding  power.  Many  birds 
habitually  perch  upon  boughs  or  branches,  and  in  them  the  foot  possesses 
a  very  perfect  prehensile  power ;  and,  by  a  peculiar  arrangement  of  the 
tendon  of  the  flexors  of  the  toes,  when  the  weight  of  the  animal 
bends  the  tarsus  upon  the  leg,  the  tendon  is  stretched  mechanically  over 
the  heel,  and  so  serves,  without  further  muscular  effort,  to  tighten  the 
whole  of  the  toes  upon  the  object  which  they  grasp;  moreover,  on 
simply  raising  its  weight,  by  extending  the  hinder  limbs,  the  hold  of 
the  toes  is  simultaneously  loosened,  independently  of  any  proper  ex- 
tending effort.  In  birds  which  sleep  whilst  perching,  this  mechanism 
is  constantly  employed,  in  certain  instances,  the  animal  sleeping  securely 
by  resting  on,  and  grasping  with,  one  leg  only.  The  folding  back  of 
the  head  under  the  wing,  an  attitude  so  suggestive  of  repose,  retirement, 
and  reliant  security,  fulfils  the  further  purpose  of  aiding  in  the  easy 
preservation  of  the  c*quilibrium  of  the  body,  by  removing  backwards  the 
centre  of  gravity  more  completely  over  the  now  single  base  of  support. 
There  are  certain  birds  of  the  cr.ine-tribe,  which  have  very  long  legs,  and 
moderately  prehensile  toes,  which  still  balance  themselves  in  the  day- 
time habitually  on  one  leg,  whether  they  sleep  or  not ;  in  these  cases,  too, 
the  head  is  drawn  back  under  the  wing,  the  centre  of  gravity  is  placed 
probably  over,  or  nearly  over,  the  column  of  support,  and  this  is  kept 
vertical  by  the  extreme  extension  of  the  tarsal  joint,  and  its  stiffening 
by  ligamentous  connections. 
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A  certain  nambcr  of  small  birds  seem  to  have  no  power  of  walking,  hot 
invarijibly  hop  over  the  ground,  a  movement  which  may  be  comparoi,  in 
ro^ird  to  it8  mechanism,  with  the  leap  in  man ;  but  most  birds,  whether 
largo  or  small,  can  either  hop  or  walk ;  the  latter  motion  is  much  more 
frei^aently  employed,  and  resembles  the  walking  mode  of  progression  in 
man,  tbe  action  of  the  bird  being  truly  biped,  altnongh  the  weight  is  sup- 
ported on  the  phalanges  and  metatarsus,  and  not  on  the  tarsal  Imnes  also. 
The  running  birds  perform  that  movement  on  the  two  feet,  alternately,  aa 
in  man  ;  and,  in  the  case  of  the  larger  cursorial  birds,  as  the  ostricli,  for 
example,  the  rate  and  endurance  of  the  motion  are  veiy  great ;  the 
Fpeed  of  the  ostrich  is,  indeed,  said  to  be  as  high  as  that  of  the  raoe- 
Iiorse,  and  the  great  length  and  size  of  its  lower  extremities,  and  the 
diminution  in  the  numl)er  of  its  toes,  which,  in  some  species,  are  only 
two  in  number,  add,  as  similar  arrangements  do  in  the  horse,  to  the 
solidity  and  security  of  the  foot,  as  an  organ  of  support  and  locomotion. 
The  peculiarities  of  the  lower  limbs  in  climbing-biiis,  have  already  been 
noticed ;  in  that  action,  the  limbs  are  moved  alternately,  as  in  running. 

In  the  four-footed  Saurian  Reptiles,  the  crocodiles,  alligators,  lizai£, 
and  others,  the  movement  is  essentially  quadruped  in  its  character  and 
nu.'cluinism ;  but,  with  the  exception  of  certain  active  lizards,  and  even 
they  cannot  long  maintain  their  celerity,  the  motion  of  these  animals  is 
luni\y  and  awkward ;  this  is  owing  to  the  shortness  of  their  limbs,  the 
imperfect  modelling  of  t-he  articular  surfaces  of  the  bones,  and  the  com- 
]umtive  want  of  energy  in  their  muscular  system ;  and  something  is  also 
due  to  the  length  of  their  unwieldy  body  between  the  anterior  and  pos- 
terior limbs,  and  to  the  lateral  position  of  the  points  of  attachment  of 
the  limbs.  In  the  apodous  or  footless  wptiles,  the  Ophidia,  or  snakes, 
tire  body  is  no  longer  raised  from  the  ground  upon  limb*^,  but  its  weight 
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i  the  gnmndt'or  npon  othar  rar&ces,  raeh  as  pxcjectixig  xockfl^ 
i  yw  tnmkt  and  Ixnig^  of  trees.  Certain  serpents  coil  tliemselTea 
iofto  eoneentrie  rings,  and  then,  resting  the  tail  firmly  upon  the 
t  liolding  hy  their  scutsB,  rapidly  unfold  their  spires,  and  dart 
I  for  a  certain  distance  thrungh  the  air.  The  eztnoidinaxy 
I  powers  of  serpifnts,  which  can  glide,  or  creep,  or  dimb,  or 
_,  or  eren  sprinff  through  the  air,  are  rery  remarkable,  espedaUy 
I  tludr  amrent  focomotive  inferiority,  in  the  total  absence  of  limln!, 
»  ttmsidarea.  In  the  Chelonian  Reptiles,  or  tortoises,  the  gait  is 
dofw  aad  -laboiired,  owing  to  their  wide-spread,  and  laterally  attached, 
KbIm^  the  shortness  of  the  levers  of  which  these  are  composed,  the 
coamimtiTe  feebleness  of  their  mnsdes,  and  the  great  pn^Kirtionata 
■rfAt  thmr  have  to  cany;  the  tortoise  is  proverbiaUy  slow.  The 
tnuM  waUL  still  more  awkwardly,  Uieir  extremities  being  adapted 
ntlMr  as  paddles  for  swimming  purposes. 

Amongst  the  Amphibia,  the  motion  is  quadruped  in  the  fioes,  toadi, 
■ad  Bswts;  bnt  in  the  more  defectiye  species,  as  the  proteus,  the  more- 
ia  rather  of  a  creeping  kind,  the  body  being  supported  on  its 
f  aorftoe.    The  energetic  leap  of  the  frog,  is  due  to  the  great  eom- 

^ tiTs  length  and  strength  of  its  hinder  extremities ;  whilst  the  posi- 

tMNft  of  the  animal,  inclined  at  about  an  angle  of  46P  from  the  horison,  is 
tkttt  which  is  best  adapted  for  obtaining  Uie  longest  tnyectoiy  orer  tha 
mCMS  of  the  ground,  with  a  given  expenditure  of  power.  The  toads, 
which  hop  much  more  feebly,  and  often  walk  or  run,  have  the  body 
placed  more  horizontally,  and    tho   hinder  limbs  shorter  than  in  the 


Amon^t  FishpB,  the  eel,  in  its  niipmtions,  somrtimes  crawls  over  soft 
mnd-banks  or  grass,  moving  by  lat^'ral  undulations,  after  the  manner 
of  a  serpent,  but  much  less  easily,  as  it  has  no  abdominal  scutse.  There 
is  a  species  of  fish,  tho  Anal)aR,  of  Tranquebar,  which  occasionally 
leaves  the  water  for  a  time,  and  even  ascends  the  trunks  and  branches 
of  neighbouring  low  tre<'S,  accomplishing  this  by  means  of  its  pectoral 
and  abdominal  fins,  which  are,  in  fact,  its  anterior  and  posterior  limbs. 
This  animal  is  provided  with  a  number  of  large  cells  on  the  side  of  its 
head,  in  which  it  can  receive,  and  carry,  a  supply  of  water,  for  its  gills, 
during  its  temporary  aerial  journey  from  its  proper  element. 

Passing  now  from  the  Vertebrate  to  the  Molluscous  subdivision  of  the 
animal  kingdom,  we  find  comparatively  few  of  this  group  which  move 
over  solid  surfaces.  The  air-breathing  terrestrial  Pulmognsteropods 
(snails,  &c.)  creep  over  a  solid  surface  by  means  of  their  muscular  foot, 
which  a<lhere8  closely,  without  the  intervention  of  air,  to  the  object  to 
which  it  is  attHche<l,  moving  over  it  by  means  of  longitudinal  undu- 
lations, so  minute  and  rapid,  in  some  cases,  as  to  require  a  magnifying 
glass  for  their  detection  ;  they  may,  howev<*r,  be  easily  seen  by  watching, 
through  a  common  lens,  the  under  surface  of  a  small  slug  or  snail,  creep- 
ing up  a  piece  of  ghiss.  Certain  Ijimellibranchiata  (the  pectens)  can 
project  themselves  from  the  bottom  of  the  ocean,  a  short  distance  through 
the  water,  by  means  of  a  strong  curved  foot,  which  they  thrust  from  their 
shell  in  a  bent  direction,  and  then  suddenly  straighten.  Others  have 
the  power  of  turning  themselves  over,  or  dragging  themselves  along, 
step  by  step,  by  fixing  and  contnicting  a  long  muscular  appendage. 

The  Molluscoida  present  no  examples  of  motion  on  solids. 


226 


SPECIAL  PHTSIOLOOT. 


In  the  Annulosp  animals,  locomotion  over  solids  is  a  characteristic 
mode  of  progression,  as  in  Insects,  Spiders,  Crustaceans,  Mjriapods, 
and  Worms.  In  the  higher  forms,  this  is  accomplished  by  means  of 
limbs,  many  in  number,  provided  with  numerous  joints,  and  acted 
upon,  after  the  manner  of  levers,  by  powerful  muscles.  These  muscles, 
however,  as  seen  in  the  familiar  example  of  the  crab,  are  contained 
within  the  moving  levers,  instead  of  the  levers  being  situated,  as  in  the 
Vertebrata,  amongst  the  muscles,  and  covered  by  them.  These  internal 
muscles  of  the  Annulosa,  are  ^eally  a  highly  developed  system  of  sub- 
cutaneous muscles,  connected  with  the  calcareous,  homy  or  chitinous, 
coriaceous,  or  soft,  integument,  as  the  case  may  be ;  they  are  homo- 
logous with  the  panniculufl  camosus,  or  hypodermal  muscles,  of  the  Ver- 
tebrata, and  have  no  relation  to  the  hkeletal  muscles  of  the  last-named 
animals.  The  order  in  which  the  limbs  of  the  higher  Annulosa  move, 
is  absolutely  definite  for  each  class  of  these  animals,  and  differs,  according 
to  the  numbrr  of  the  limbs ;  thus,  the  Insects,  having  six  legs,  move 
after  one  mode ;  the  Spiders,  having  eight  legs,  follow  another ;  the 
Crustaceans,  some  of  which  have  ten  legs,  have  another;  and  the 
Myriapods,  or  many-footed  creatures,  a  fourth  mode.  Without  dia^rrams, 
these  could  hardly  be  made  intelligible.  In  the  Annelids,  or  Worms, 
the  movement  over  solid  bodies  is  accomplished,  either  by  fixing  the 
anterior  extremity  with  the  mouth,  and  drawing  up  the  hinder  one,  and 
60  on  continuously,  as  in  the  leech  ;  or  a  holding  power  is  obtained  by 
minute  seta',  or  bristles,  set  outwards  and  backwards,  as  in  certain 
worms.  In  these  cases,  the  extension  of  the  body  in  a  longitudinal 
direction,  is  accomplished  by  the  contraction  of  numerous  circular  mus- 
cular fibres,  which  surround  the  body  ;  whilst  its  required  contraction  in 
length,  is  brought  about  by  the  relaxation  of  thes«  circular  fibres,  and 
the  short<'ning  of  other  longitudinal  bands.  Caterpillars  move  on  a 
tJimilHr  |'nuoi|ilt\  but  an*  prin-jilrnl  wirh  tir-urnl  .sTi<'!ijriul  ur  rlu.'-iiiijg  | 
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Ihe  Holothmnda,  the  ptoamtum  is  of  a  mixed 

V,  being  dirhi-vermigmde. 

The  CcBlententa  hare  no'  power  of  locomotion  over  solids,  beinff 

mtinij  swimminp  animals ;  but  amongst  the  Protosoa,  the  suctoriu 

■ode  «f  pcogiession  oTer  solids  is  ezemptified  in  the  Bhiaopods,  as  in 

As  WBipfe  pKOteifonn  Amssba. 


Locomotion  of  Man  in  Fluids, 

Owing  to  the  lighter  gpecifio  grayity  of  the  hainan  body, 
whoi  tbe  lungs  are  expanded,  as  compared  with  water,  man 
la  able  to  avrim  in  that  element,  whether  ttalt  or  firesh,  with  a 
■nail  part  of  his  frame  above  the  sor&ce.  When  the  lungg 
are  fbllj  inflated,  the  body  is  lighter  than  water ;  after  a  com- 

fte  expiration,  it  is  heavier ;  but  in  an  ordinary  expiration  it 
about  the  same  weight,  bulk  for  bulk :  hence,  when  the 
diert  IB  fully  inflated,  a  man  may  float  with  a  small  part  of  his 
body  above  water ;  but  by  a  alight  muscular  efibrt,  the  head 
may  be  so  thrown  back,  that,  in  this  state,  the  mouth,  nose, 
and  eyes  remain  above  the  sur&ce,  but  any  unusual  expiratory 
act  is  followed  by  the  submergence  of  those  parts.  The 
smallest  exertion  of  the  feet  in  a  treading  motion,  suffices 
however,  even  under  these  circumstances,  to  keep  the  face 
above  the  surface ;  and,  if  aided  by  the  hands,  this  is  still 
more  easily  accomplislied.  The  buoyancy  of  the  body  is  how- 
ever so  slight,  in  other  words,  its  specific  gravity  is  so  little 
lighter  than  that  of  water,  that,  to  maintain  the  face  above  the 
sur&ce.  every  other  part  must  he  submerged ;  for  if,  whilst 
thus  supported,  one  arm  be  extended  out  of  the  water,  the 
head  immediately  sinks  in  a  corresponding  degree. 

In  the  act  of  swimming^  the  body  lies,  with  the  abdomen 
downwards,  in,  but  near  the  siu^ace  of.  the  water,  and  not 
quite  horizontally,  the  head  being  inclined  somewhat  upwards, 
and  thrown  back,  so  as  to  sink  as  much  of  the  hinder  part  of 
the  cranium  as  possible,  and  to  throw  the  face  alone,  with  the 
breathing  apertures,  the  nostrils  and  mouth,  upwards  and  for- 
wards out  of  the  water.  A  progressive  motion  is  then  accom- 
plished, by  j)laciiig  the  hands  together  in  front  of  the  sterniun, 
darting  them  forwards  in  the  middle  line,  and  then  sweeping 
them  outwards,  with  the  fingers  in  contact,  and  the  jialms everted 
and  turned  slightly  downwards,  through  a  part  of  a  circle, 
and  lastly,  bringing  them  quickly  inwards  to  the  front  of  the 
sternum  again.  In  the  meantime,  whilst  the  arms  are  being 
extended  forwards,  the  legs  are  drawn  under  the  body,  close 
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together,  with  the  feet  extended,  and  then,  are  thrust  power-^ 
fully  backwards  and  outwards,  with. the  feet  flat,  at  the  same 
moment  that  the  arms  describe  the  part  of  a  circle  backwards. 
The  combined  propulsive  action  of  the  anterior  and  posterior 
limbs,  moves  the  body  forwards,  and  slightly  elevates  the  head 
at  each  stroke;  at  tliis  moment,  inspiration  and  expiration 
should  be  accomplished.  Swimming  may  also  be  performed 
on  the  back,  witli  all  four  limbs,  or  on  the  side,  using  only 
one  arm,  but  both  hnidcr  limbs.  These  modes  of  swimming 
are  less  rapid,  but  quieter,  e^isier,  and  less  exhaustive,  than  the 
ordinary  mode  on  the  face.  The  rate  of  motion  of  a  swift 
swimmer  is  surprising,  especially  when  it  is  considered  that 
the  rounded  form  of  the  human  body  is  not  well  adapted  for 
cleaving  the  water. 


Locomotion  of  Animah  in  Fluids, 

In  swimming,  land  qiiaflrupeds  generally  have  this  advantage  over 
man,  that,  owing  to  the  length  of  their  neck,  they  can  more  easily 
maintiiin  the  oritices  of  the  respiratory  passages  above  the  water.  They 
also  swim  l>y  an  action  of  all  four  limbs,  precisely  similar  to  that 
whioh  they  h/ibitually  employ  in  locomotion  on  land,  so  that  no  training, 
as  it  were,  is  necessary  for  them  in  the  art  of  swimming,  but  they  swim 
quite  naturally  on  first  ent^jring  the  water ;  wheresis  in  man,  the  move- 
ments ])erfomied  in  that  act,  are  so  special  and  so  different  from  the  ordi- 
nary movements  of  hx'omotion,  that  he  requires  instruction  and  practice 
tu  Li  •  _iii  .  -!i  them  sinT«^s?iriitly ;  hince  ahirnl  quaiiruptMl,  Tibtm  throfl 
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^iUdi  an  TOT  larae,  though  filled  with  fiit  initead  of  air  in  moit 
— hnmitig  biraii,  and  lastly,  to  the  quantity  of  air  which  is  entangled  in 
thoir  down  and  feathers,  and  held  there,  because  the  cnly  secretion  with 
wUfih  ther  cover  themselves,  pi  events  its  displacement  by  the  water. 
Sbnee  birds  of  this  land  are  so  buoyant  on  the  water  that  a  much  smaller 
propoition  of  their  body  is  submerged  than  in  the  case  of  quadrupeds  or 
of  mail.  The  form  of  the  body,  too,  is  suitable  for  floatinSf  beinff  boat- 
lika,  and  so  curved  at  the  fore  part,  and  gradually  narrowed  behind,  as  to 
prwent  but  slight  resistance  to  the  water,  and  the  smallest  amount  of 
mction  in  the  displacement  of  that  fluid  behind.  The  less  of  swimming 
birda,  are  placed  further  back,  and  wider  apart>  than  in  land  birds,  and 
are  artknlated  in  such  a  direction,  as  to  spread  away  from  the  body, 
amngements  calculated  to  give  lateral  play  to  the  actions  of  the  feet, 
and  to  inerease  the  efficacy  of  thoir  propelling  power  over  the  body ; 
BMseover,  the  tarsi  are  flattened  sideways,  so  as  to  present  the  smallest 
poarible  resistance  in  being  moved  forward  through  the  water ;  whilst  the 
phalanges  of  the  toes,  also  long,  compressed,  and,  when  flexed,  folded 
rm  flatly  together,  spread  out  widely  when  extended,  and  are  more 
or  icia  completely  webbed,  so  as  enormously  to  increase  the  power  of 
the  stroke  in  the  water  in  swimming.  This  stroke  is  backwards  and  a 
little  outwards,  so  that  both  the  limbs  act  on  the  water,  along  two  linea 
djreiging  outwards  and  backwards  from  the  middle  of  the  p^vis  of  the 
hard,  the  water  reacts  in  the  opposite  direction,  and  the  oonvergii^  Ibreei 
thus  obtained  are  combined,  according  to  the  rule  of  the  composition  of 
forces,  into  a  resultant  force,  which  impels  the  body  directly  forwards. 

Swimming  birds  are  ungainly  in  their  walking  gait,  the  backward 
position  of  the  legs  nocessitatiu!^  a  more  horizontal  position  of  the 
trunk  ;  the  great  width  between  tlu'  legs,  the  looseness  of  the  joints,  and 
the  softness  of  the  feet,  give  thera  a  waddling  and  feeble  motion  in 
walking.  Diving  birds  have  generally  the  centre  of  gravity  of  the  body 
situated  further  back  than  other  birds,  the  head,  neck,  and  anterior 
port  cf  the  tnmk  presenting  a  nsirrow  or  point^xi  form  ;  besides  the  im- 
petus with  which  tliey  throw  themselves  into  the  water,  these  birds  aid 
themselves  by  movements,  not  only  of  their  feet^  but  also  of  their  short 
and  almost  paddle-like  wings. 

A  large  number  of  the  Saurian  reptiles  swim  perfectly  well  in  water, 
mainly  by  lateral  strokes  of  the  hinder  part  of  the  body  and  tail,  the 
latter  being  usually  more  or  Itrss  flattened  sideways  for  that  purpose,  and 
acting  in  the  same  manner  as  a  fi.sh's  tail.  In  some  cases,  as  in  the 
crocodiles,  the  nostrils  are  placed  at  the  tip  of  their  long  muzzle,  so 
that  they  can  wmpletely  submerge  themselves,  with  the  exception  of 
the  nostrils.  The  Ophidian  reptiles  can  probably  all  of  them  swim, 
the  water-snakes  enjoying  that  faculty,  however,  in  an  eminent  degree ; 
in  this  movement,  tht;  head  of  the  snake  is  raised  above  the  surface  of 
the  water  for  respirjitorj'  purposes,  whilst  nipid  lateral  undulations  of 
the  body  are  effected,  by  nu-ims  of  whicli  the  water  is  struck  obliquely 
backwards  by  a  scries  of  flexures,  at  intervals,  on  one  side,  and  b^ 
another  »eri<*s  of  flexures  on  the  other  side  ;  and  the  resultant  action  is 
represented  by  two  oblique  lines  diverging,  outwards  and  backwanis, 
from  the  middle  part  of  the  elongated  body  ;  but  the  forward  lines  of  re- 
action of  the  water  on  each  side,  converge,  and  meet  in  the  body,  so  that 
the  resultant  force  of  all  the  lines  of  reaction  on  the  two  sides,  impels  the 
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animal  in  an  intermediate  direction,  that  is,  directly  forwards.  The 
Chelouian  s(wimming  reptiles  (turtles)  move  in  the  water  bj  means  of 
both  pairs  of  limbs,  which  have  a  paddle-like  shape,  and  a  lateral,  wide- 
spread action,  rotating  on  their  axes,  so  as  to  be  feathered,  or  to  present 
their  edge,  in  being  drawn  forwards,  while  they  offer  their  flat  sur&ce  to 
the  water  in  the  backward  stroke.  The  compressed  shape  of  the  body 
of  the  swimming  chelonia,  offering  so  thin  a  transverse  section  in  pass- 
ing through  the  water,  contrasts  remarkably  with  the  dome-shaped  shell 
of  the  terrestrial  chelonia  or  tortoises. 

The  tailed  Amphibia  (newts)  swim,  after  the  manner  of  the  saurians, 
or  ophidia,  by  simple,  lateral,  undulatory,  strokes  of  the  body  or  tail. 
The  tailless  Amphibia  (frogs)  swim  by  the  force  of  their  poweriul  hind- 
legs,  provided  with  long  and  webbed  toes.  The  stroke  of  the  frog  in 
swimming,  is  very  similar  to  that  of  man,  and  it  has  often  been  noted 
that,  in  proportion  to  the  size  of  the  body,  the  frog  has  a  larger  muscle 
of  the  calf  (gastrocnemius),  for  the  extension  of  its  foot  upon  the  leg» 
than  any  other  animaL 

In  the  previous  examples  of  swimming  animals,  we  have  had  under  ob- 
servation creatures  which,  breathing  by  lungs,  and  requiring  therefore, 
from  time  to  time,  and  often  at  frequent  and  short  intervals,  to  respire 
air,  cannot  be  said  to  inhabit  the  water,  but  rather  enter  it  for  tempomy 
purposes,  for  capturing  food,  or  for  other  ends.  They  cannot  endure  con- 
tinued submergence,  except  in  conditions  of  hybernation.  But  we  now 
pass  to  the  contemplation  of  animals  organised  for  permanent  snbsis- 
tence  in,  and  complete  submergence  beneath,  the  water,  breathing  by 
gills.  Fishes,  considered  in  reference  to  their  manner  of  swimming, 
exhibit  three  principal  modes.    First,  the  ordinary  mode,  by  lateral 

common  ti«hta;  secondly,  by  the  verticaL  Happing  of  the  bodv^  Lfttf^ml 


fins,  and  UJ!,  or  by  vertical  tiridijlattoiiM  of  larg#  Iwtonil  fitifi,  or  of  a 
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mA  add  to  its  Iwluieiiig  powa*,  whilst  the  eandal  fin  acts  as  aa  eocten* 
siOB  lackwaids  of  the  tail,  and  so  increasea  the  power  of  its  stroke. 
Tha  latflsml,  doable,  and  sTmrnetrical  fins  aie  the  right  and  hitt  pectoral, 
■ad  the  rig^  and  left  abdominal  cae  ventral ;  these  axe  the  trae  antmor 
aaad  poaterinr  limb$  of  the  fish ;  the  neetoral  pair  are  always  situated  at 
fha  uder  and  back  part  of  the  heait  just  behind  the  gill-openings ;  the 
■bdominal  vary  in  their  point  of  attachment  in  difierent  spedes,  fiom 
ft  place  near  or  even  anterior  to  the  pectorals,  backwards  to  the  hinder 
b  of  the  abdomen.  These  lateral  fins  aie  more  used  in  the  slighter 
Bdng,  ascending,  descending^  or  taming  movements  of  the  fish, 
aa  instraments  of  progression,  that  is,  m  ordinary  fishes ;  ibr  in 
fha  nj«tribe  they  are  enormously  developed,  and  form  the  diief  organs 
of  loeomotion,  whilst  by  the  fiying  fishes  thev  are  employed  in  fiighu 

In  the  ordinary  swmiming  movement,  the  tail,  oemff  first  carved 
aligfatly  forwards  to  one  side,  is  then  suddenly  and  powarolly  extended 
bMkwmrds  into  the  straight  position,  during  which  movement  it  strikes 
tba  water  obliquely ;  next  pasning  beyond  the  middle  line,  and  carving 
fl]i|ditly  to  the  opposite  side,  it  again  repeats  a  sharp  backward  stroke^ 
■tiTking  the  water  obliquely,  across  the  direction  of  the  former  stroke, 
■ad  onoe  more  passing  the  middle  line,  it  repeats  the  former  stroke^  and 
■o  oa  in  succession,  on  one  side  and  the  other.  The  reaction  of  the 
VMtar  takes  place,  of  course,  obliquely  forwards,  in  the  opposite  direction 
to  eadi  backward  stroke  of  the  tail,  and  so  tends  to  urge  the  centre  of 
gravity  of  the  fish  in  oblique  zigzag  lines  forward  through  the  water ; 
bat  in  rapid  shimming,  these  two  oblique  forces  aro  combined  into  a 
median  resultant  force,  which  impels  the  fish  directly  and  swiftly  for- 
wards. Even  then,  however,  a  8light  vibrating  motion  of  the  head  is 
sometimes  visible,  the  e\ndence  of  the  double  origin  of  its  forward  im- 
polse.  The  question  has  often  been  Hskeil,  why  is  it  that  the  resistance  of 
the  water  to  the  foni'ard  curving  of  the  tail,  previous  to  its  making  the 
backward  stroke,  and  in  passing  beyond  the  middle  line  after  one  back- 
ward stroke,  previous  to  its  performing  another,  does  not  check  the 
movement  of  the  fish  forward,  by  counterbalancing  the  impulse  arising 
from  the  backward  movement**  of  the  tail  ?  The  reply  to  this  question 
appears  to  be  twofold ;  first,  the  backward  stroke  is  delivered  not  only 
with  greater  force,  but  with  grentt-r  velocity  than  the  forward  curving 
of  the  tail ;  and  as  time  is  always  an  element  in  measuring  the  effects 
of  force,  the  backward  stroke  is  sui^erior  in  practical  I'ff'ect ;  secondly, 
the  resistance  to  the  forwartl  movement  of  the  fish  in  the  water,  is  re- 
duced, as  we  have  seen,  to  the  smallest  possible  amount,  first,  by  the  form 
of  the  bofiy,  and,  se<'ondly,  by  its  slipperiness,  which  prevents  friction, 
whereas  to  any  bjickward  movement  of  the  fish  in  the  water,  the  edges 
of  the  scales,  elevated  slightly  from  each  other  by  the  curving  forwards 
of  the  tail,  take  powerful  hold  of  the  surrounding  fluid,  and  so  ofier 
great  resistance  to  any  sliding  backwards  of  the  fish.  Whoever  has 
hooked  a  fish  accidentally  by  th<>  tail,  knows  how  much  more  difficult  it 
is  to  lift  or  drag  it  through  the  water,  than  if  it  had  been  caught  by 
its  seizing  the  bait  in  the  ordinarj'  way ;  a  fact  which  proves  the  resis- 
tance ofierod  by  the  edges  of  the  scales. 

In  deH'ribing  th(;  act  of  swimming  in  the  fish,  we  must  not  omit  to 
mention  the  existence,  in  most  species,  of  the  air-bladder,  or  swimming- 
bladder.     This  is  an  elongated  receptacle,  containing  gases  secreted  by 
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its  lininfy  membrane ;  it  xarios  in  form  and  size,  and  is  situated  in  the 
iippiT  part  of  the  abtloniiiuil  cavity,  immwliately  under  the  Tertebral 
eolumu  ;  soiiiet lines  it  is  eonipletfly  closed,  but  at  other  times  it  com- 
municat«'H  by  a  narrow,  elongated  neck,  with  tiie  throaty  pharynx,  or 
8<)mo  part  of  the  ahnientary  canal,  of  the  fish.  The  air-bladders  of 
iishes  will  bo  referred  to  again  in  the  chapter  on  Kespiration  ;  but,  in 
connection  with  our  i>resout  subject,  it  is  obvious  that  it«  presence, 
or  absence,  and  it.'<  relative  state  of  distension  with  gaseous  matter, 
must  materially  affect  the  8jKvific  pravity  or  buoyancy  of  a  fish.  It  is 
suppoHtnl  that  the  fi»h  has  some  power  of  rej^nlating  the  quantity  of  gas 
contained  within  it,  and  so  of  adjusting  its  own  sj>eciflc  graWty,  to 
enable  it  to  rise  or  fall  in  the  water;  but  no  such  fjiculty  has  been 
actually  proved  to  exist,  and  it  seems  somewhat  improbable  that  the  Tito- 
chemical  function  of  such  an  organ,  which  is  the  homologue  of  the  lung, 
should  l>e  subjected  din»etly  to  the  will.  It  is  noticeable  also,  that  the 
air-l)ladder  appears  to  l)e  very  capriciously  distributed  amongst  the 
fish-tribe,  for  it  is  wanting,  not  only  in  cerUiin  genera  amongst  certain 
orders,  but  also  in  certain  species  of  a  genus,  other  species  of  which 
possess  it.  Thus  there  is  no  air-bladilerin  the  common  mackerel,  though 
one  spwMes  of  the  same  genus  (Scomber)  possesses  it.  It  is,  however,  small 
in  fishes  whit^h  bury  themsilves  in  the  mud,  or  live  habitually  at  the 
bottom  of  the  water ;  in  the  common  perch,  it  is  closed.  Even  when 
fully  distended  with  air,  almost  to  bursting,  as  I  have  demonstrated  on 
various  dead  fish,  it  fails  to  render  the  entire  bo<iy  buoyant  in  water,  for 
this  neverthele>s  sinks  to  the  bottom.  Mechanically  considered,  it  can 
theret'ore  only  ivduce  the  specific  gravity  in  a  certain  measure,  and  ho 
economise  the  muK'ular  eflfbrt  which  is  still  necessary  to  enable  the  fish 
to  HBi'c-nU  in  tlinT  tli]hi;  wiui-^  •  TpTiim  ^pI  it!?  giweous  conti*fiti 

will,  on  the  contrary,  iiiitil^il'-'  sdily  of  the  descent  of  th^  fish 
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Md  Ilia  undnlatoij  or  wriggling  moToment  of  the  nuu^^nal  fins,  prodvee 
tliMr  dfect  bj  Btnking  the  water  obliquely  backwards,  bat  in  an  npwaxd 
and  downward,  instead  of  a  horizontal  direction ;  the  reaction  of  the 
tratcr  upon  them,  takes  place  therefore  along  two  converging  lines,  fhnn 
abofa  aod  below,  insteaa  of  from  the  sides.  In  the  true  flat-fish  whidli 
hate  no  air-bladder  (sole,  tnrbot),  the  flat  form  of  the  bod^  is  owing  to 
an  extension  of  the  neural  and  h%mal  spines,  the  fish  swimming  with 
one  side^  which  is  generally  white,  downwards,  and  the  other,  which  is 
kawn,  upwards.  &  the  skates,  rays,  and  torpedoes,  the  fiat  form  is 
sviog  to  the  extraordinaiy  derelopment  of  the  anterior  or  pectoral  fins ; 
tfieae  spread  oat  horizontally,  and  are  provided  with  innumerable  digits 
wfaidi  support  the  soft  parts,  and  thus  form  large  lateral  fins,  which,  in 
addition  to  the  tail,  are  used  in  swimming. 

In  the  Molluscous  animals  inhabiting  the  water,  swimming  is  per- 
fonned  either  by  the  movement  of  their  long  arms  acting  as  paddles 
(eephalopods),  or  by  special  little  lateral  wing-l^e  paddles  (pteropods),  or 
1^  fln-lilro  expansions  of  the  foot,  and  vertically  fiattened  tail  (heteropodsX 
or  \ij  Bad  of  the  movable  respiratory  organs  or  gills  (certain  marine 
gUtnopods).  Of  the  lamellibranchiate  forms,  some  are  fixed,  like  the 
mter,  others  are  attached  by  a  byssus,  as  the  mussel  and  pinna;  some 
noat  in  the  water,  and  others,  like  the  cockle,  jump  through  the  water 
ftom  the  bottom,  by  aid  of  their  long  curved  fleshy  foot ;  some  bnrj 
them^ves  in  sand,  whilst  others  bore  into  rocks  or  timber.  The  free 
moving  Molloscoids  mostly  float,  as  the  tunicatA. 

In  the  Annuloso  creatures,  many,  such  as  the  Crustaceans,  move  by 
means  of  the  padilhi-like  action  of  their  ninnerous  limbs,  some  of  these 
(]ol>ster8  and  shrimjis)  also  jumping  or  propelling  themselves  backwards 
in  the  water  by  rapid  flexure  of  the  tail,  which  for  th.it  pur|.)Ose  is  fitted 
with  expanded  terminal  appendages ;  others  of  this  sub-kingdom,  as 
the  water-beetles,  use  their  limbs  as  oars  (notonecton) ;  others  move  by 
the  action  of  multitudes  of  lat^^ral  sette  attached  to  «ich  successive  seg- 
ment (aphro<lite,  sea-mouse) ;  others  swim  by  undulatory  movements  of 
the  body,  either  by  lateral  (vermes),  or  by  vertical  undulations  ( leech) ; 
others  again,  in  the  larval  stage  of  thfir  existence,  propel  themselves  by 
ejecting  water  from  a  receptacle  in  their  Ixxly,  backwards  from  their 
caudal  extremity,  a  movement  characterise<l,  from  its  resemblance  to  the 
action  of  a  syringe,  as  syringtMjradf.  Of  the  swimming  Annuloids,  in 
certain  echinodermata,  the  swimming  motion  is  sometimes  pinnigradf, 
or  performed  by  movable  pinnate  arms,  as  in  the  ciinoidea;  the  roti- 
ferous  animalcules  move  in  the  water  by  means  of  their  cilia ;  the  marine 
worm-like  scoh-cida  move  by  an  undulatory  action  of  their  bodies. 

In  the  free  moving  Ca»lenterata,  one  form  of  movement  in  the  water, 
ofU>n  name<l  pK/mfM/rade,  is  performed  by  rhythmical  contnictions,  which 
occur  once  in  about  eighteen  seconds,  of  the  entire  umbrella-like  disc  of 
the  animal  (Medusw),  and  which  might  be  compared  to  the  pulsations  of 
the  heart,  or  to  the  respirator}'  movements ;  other  sptx.'ie8  simply  float 
in  the  w^ater  by  means  of  hollow  air-floats  or  vesicles  (Physalia,  Por- 
tuguese man-of-war),  a  methwl  of  progression  called  physrtgradf ;  or  they 
have  a  ttyrivgof/rmlv  mo*le  of  progn'sjiion  ;  or,  lastly,  they  move  by  means 
of  rows  of  ver}*  lai^<^  cilia,  cUiograde,  as  in  Beroe,  Cydipus. 

The  ciliograde  mo<le  of  progression  is  also  invariably  employed  in 
the  swimming  acts  of  the  Protozoa,  as  in  the  infusoria,  and  in  the  gemnue 
of  sponges. 
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Locomotion  of  Man  in  Air, 

This  is  impossible,  except  as  the  result  of  impulses  obtained 
from  solid  supports,  combined  with  the  effects  of  gravity. 
The  extraordinary  agile,  graceful,  easy  and  perfect  acrobatic 
movements  of  the  celebrated  Leotard  are  thus  performed,  and 
surpiSH  in  elegance  the  similarly  executed  movements  of  the 
spider  monkeys,  and  of  other  ax:boreal,  and  so-called  flying 
mammalia. 

Locomotion  of  Animals  in  the  Air. 

Flight,  in  its  highest  perfection,  is  a  movement  limited,  amongst  the 
Vertebrata  to  Birds,  and  in  the  Annulosa  to  Insects.  Amongst  the  Mam- 
mulia,  however,  the  comparatively  feebly  flying  bats  are  found.  Certain 
exiimples  are  also  seen,  as  in  the  flying  lemnrs  and  squirrels,  of  a  parar 
chutf -mode  of  descent  in  the  air,  which  cannot  be  called  flight,  for  rrach 
animals  are  unable  to  ascend,  or  even  to  move  horizontally  in  that 
medium ;  the  source  of  movement  in  them,  is  their  gravity,  the  direction 
of  the  action  of  which  is  altered  by  the  membranous  expansions  pass- 
ing from  one  limb  to  the  other,  which  are  stretched  by  the  spreading 
out  of  their  fore  and  hind  limbs.  In  the  bat«,  there  is  a  true  power 
of  flight,  but  it  is  imperfect  in  comparison  with  that  of  birds,  being  short 
in  its  duration,  low  in  reference  to  the  earth,  irregular  and  fluttering  in 
its  character,  and  incapable  of  being  performed  in  verj*  gusty  weaUier, 
or  in  rain,  which  drenches  the  hair  and  wings  of  the  animal,  and  so  im- 
pedes its  movement:  l»ats  chiefly  inhabit  temperate  climes,  and  hmit 

1 1  lei  I'     Ll'i  '.=i:..i:!  L     u:i    tile    willL^    i"     ikiliil-    '.VLinn^y-    ;illd    nj^htfi.      Tha 
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an  example  of  the  paraehnte  mode  of  prognMum;  ita  lateral 
manLbtaaoiia  espanaiona  are  rappofted  hv  bony  proceitea  belongii^  to 
tfae  Iwnbar  Tertebne,  sometimes  named  teiae  ribs*  bat  placed  altogether 
bahind  the  proper  thorax ;  these  membranea  are  capable  of  being  ahnt 
Xf,  Ofwing  to  the  movablenesa  of  the  bony  processea  which  sappont 
tMm;  and  thegr  are  extended  by  special  muscles  which  draw  thoae  pn»- 
esaasa  forwards.    In  the  flying  Fishea,  the  so-call^  flight  ia  aeoom- 
plkhed  by  an  impetus  taken  from  the  water,  by  the  aoency  of  the  tai!, 
and  of  the  long  powerful  pectoral  fins,  which  latter  are  wen  spread  out  in 
the  air,  ao  as  to  look  like  wings ;  but  they  have  only  very  feeble  muaelea 
aa  tb^  base,  and  they  merely  perform  a  parachute  action,  a||d  so  anstain 
the  animal  for  a  distance  of  many  feet  in  the  air,  before  ita  gravity  again 
aeeoinplishes  its  descent  into  the  water.    Flying  fiah  have  been  known 
to  rise  fifteen  or  twenty  feet  from  the  suifoce  of  the  water,  but  the  usual 
lie%ht  is  not  more  than  three  feet;  they  may  remain  suspended  in  the 
air  about  half  a  minute,  and  thus  ^ass  through  adistance  of  even  800  foet. 
In  Inaecta,  the  mode  of  fiight  is  explicable  on  similar  prindplea  to 
tiMMe  iHiidi  regulate  it  in  Birds;  but  here,  also,  as  was  mentioned  in 
oonparing  the  locomotion  on  land,  of  the  Annulosa  with  that  of  the 
YflrtebFata,  the  muscular  or  moving  apparatus  is  placed  within  the  paa- 
mm  levers  on  which  it  acts,  instead  of  outside  them.    The  winga  of 
inaaeta  are  variously  constructed,  and  present  various  sises  and  fivma ; 
tbfy  are  homy  and  membranous,  in  the  beetles ;  soft,  and  feathered  with 
Bueroaoopic  scales,  in  the  moths  and  butterflies ;  thin  and  glassy-looking, 
in  the  flies  and  dragon-flics ;  short,  in  the  earwigs  and  hoase-flies ;  long 
and  narrow,  in  l^ees  and  wasps;  broad  and  full,  in  butterflies  ;  and  enor- 
mously elongated  in  the  dragou-lli«'s.     Sometimes  they  are  only  two  in 
number  (diptera) ;  sometimes  the  anterior  ones  are  converted  into  pro- 
tective cases  or  elytra  (beetles);  but  more  commonly  they  are  four  in 
number.    These  wings,  however  diffen-nt  in  character,  are  invariably 
attached  to  the?  sides  of  the  thoracic  segments,  above  the  proper  limbs  or 
legs ;  they  are  movwl  by  powerful  muscles  lying  inside  the  thorax,  that 
part  of  th»'  body  of  an  insutt  l)eing  developed  proportionally  to  its  powera 
of  flight.  The  base  of  the  stiff  framework  of  each  wing,  projects  into  the 
interior  of  the  t  ho  nix  by  a  sort  of  process  or  spur ;  and  the  muaelea 
act  upon  this  spur,  those  which  draw  it  downwards  raising  the  wing, 
and  the  far  more  }>owerful  ones,  which  draw  the  spur  upwards,  acting  in 
the  downward  stroke;  so  that  the  muscuhir  force  is  applied  in  the  oppo- 
site direction  to  that  in  wliieh  it  acts  in  the  bird  or  bat.     The  rapidity, 
duration,  and  diameter  of  the  movement  performed  by  different  insects 
on  the  wing,  depend  on  the  area  of  their  wings,  on  the  number  of  strokes 
made  in  a  second,  and  on  the  chanicter  of  those  strokes,  whether  rapid 
and  continuous,  as  in  the  dragon-fly,  or  slower,  and  more  interrupted 
and  fluttering,  as  in  the  butterlly.     Insects,  considering  their  size,  fly 
with  much  greater  rapidity  than  birds;  the  dragon-fly,  for  example,  flies 
more  rapidly  than  the  swallow  ;  this  insect  has  also  much  greater  control 
over  its  organs  of  flight,  and  can  execuU^  a  greater  variety  of  movements 
in  the  air,  even  than  the  most  agile  bird. 

In  the  Amphibia,  amongst  the  Vertebrata,  and  in  the  Mollustca,  Mol- 
luscoiiia,  Annuloida,  Oeleuterata,  and  Protozoa,  there  are  no  examplea 
of  flying  species. 

The  organisation  of  binls  is  entirely,  and  in  every  part,  directly 
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adapted  to  flight.  First,  their  biped  position  in  standing  and  walking, 
leaves  the  upper  limbs  entirely  free  for  locomotion  in  the  air.  In  the 
standing  posture,  the  Ixxly  of'the  bird  is  generally  raised  furwaid  to 
bring  tlie  centre  of  gravity  over  the  feet,  excepting  in  many  swimming 
birds,  as  the  duck,  and  others.  In  flight,  the  body  is  usually  held 
more  horizontally,  and  the  centre  of  gravity  lies  very  far  forward,  a 
position  fevourablft  to  that  mode  of  locomotion.  In  walking,  the  axis  of 
motion  is  placed  far  back,  at  the  hip-joints,  but  in  flight,  forward, 
tlirough  the  shoulders ;  and  this  change  in  the  seat  of  motion,  requires 
different  compensatory  changes  in  the  position  of  the  l>ody.  The  length 
and  free  motion  of  the  neck,  also  render  the  at^justability  of  the  centre 
of  gravity  in  flight  much  more  i^asy.  The  concentration  of  weight  forwaxd 
in  the  trunk  is  accomplished  by  the  muscular  masses  being  chiefly 
situated  there;  the  limbs  contain  the  tendons  only.  The  absolute 
weight  of  the  animal  is  also  diminished  as  much  a^  possible,  in  regard 
to  it^  size  and  strength,  by  various  conditions,  such  as  the  extreme 
lightness  of  construction  of  its  skeleton  and  feathers,  the  expansion 
of  their  solid  matter,  and  tlie  presence  of  air  in  the  bones  and  quills. 
The  large  size  of  the  lungs  in  birds,  the  presence  of  air  cavities  in  the 
body,  and  even  in  the  bones,  the  rapi<lity  and  energy  of  their  respi- 
i-atory  movements,  their  consequent  nigh  temperature,  and  the  rare- 
faction of  the  contained  air,  are  associated  circumstances  which  have 
been  supposed  to  result  in  an  important  diminution  of  the  specific  gra- 
vity of  the  animal ;  but  the  diffi-rence  in  weight  between  air  at  the 
oniinary  temperature,  and  at  180°  that  of  the  hottest  bird,  is  insigni- 
ficant, in  proportion  to  the  weight  of  the  entire  mass  of  the  bird.  The 
chief  relation  between  the  energetic  respiration  of  birds,  and  their 
adaptation  to  flight,  consists  in  the  provision,  through  the  former,  for  the 
rapid  dcKX>mposition  and  oxidation  of  the  large  muscles  engaged  in  that 
movement;  and  also  in  its  endowing  the  muscular  fibre  with  an  unwonted 
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Seooodly,  nnut  be  noticed,  the  Tast  mirfihces  of  the  stenmm, 
wbkh  Mches  backwards,  sometimes  as  far  as  to  the  xmbes,  with  ita 
dMp  pngeetiiig  keel  for  the  attachment  of  the  hu^,  and  the  two  smaller, 
pMtanl  mosdes,  which,  often  weighing  as  much  as  all  the  other  mnscles. 
«f  llie  body,  serve  powerfully  to  depress,  and  more  gently  to  elevate, 
aad  dig^tly  rotate  the  wmgs.  Other  remarkable  points  of  stmctore 
am  the  length  of  the  humerus,  radius,  and  ulna,  the  simplicity  and 
aolidity  of  the  tarsus,  and  the  degradation  of  the  phahmges  to  a  few- 
flat  aopporting  bones  for  the  attachment  of  feathers.  As  resards  the 
jointa,  ueir  movements  are  specially  limited,  those  of  the  elbow  and 
tanas  performing  simple  hinge-like  movements ;  the  latter  joint  being 
linited  to  adduction  and  abduction,  so  as  to  have  special  firmness  when 
aKtanded;  and  the  shoulder-joint  moving  merely  m  the  directions  of 
astanaion  and  flexion,  and  in  the  upward  and  downward  direction.  The 
wiogi  present  many  points  of  special  contrivance ;  as,  for  example^  the 
atfong  attachment  of  the  stiflT  quill-feathers  to  the  periosteum  of  the 
boDea  of  the  fore-arm  and  hand ;  the  curved  fonn,  ftom  quill  to  tip,  of 
these  foathers ;  their  peculiar  structure,  the  partial  hollowness  of  Uieir 
ataoia,  their  ^stiff,  homy  exterior,  and  the  lisht  pithv  character  of  their 
eonteota ;  the  dose  parallel  arrangement  and  vertical  depth  of  the  barbs ; 
the  shorbiess  and  stifihess  of  the  anterior  barbs,  as  compared  with  the 

later  length  of  the  posterior  barb? ;  the  secondary  barlM,  or  barbnles; 

» intarloddng  of  the  barbules  of  each  feather ;  the  overlapping  of  the 

rami  quill-feathera,  the  position  of  which  is  regulated  by  mmtitudea 
of  small  muscular  slips  lying  in  the  skin,  there  being  sometimes  four  or 
five  slips  to  each  quill-feathtrr  ;  and,  lastly,  the  Ktiffuoss  of  the  anterior 
margin  of  the  wing,  as  compared  with  its  hinder  edge,  and  the  marked 
concavity  of  the  under  surface  of  the  wing,  as  contrasted  with  the  con- 
vexity of  its  upper  surface. 

The  rarity  of  the  medium  in  which  flight  takes  place,  the  slighti 
mechanical  resistance  it  offers,  and  its  feeble  sustaining  power,  depen- 
dent on  the  extreme  differrnee  between  its  specific  gravity  and  that  of 
the  bird,  necessitate  special  contrivances,  and  an  enormous  relative 
amount  of  effort  on  the  part  of  a  flying  animal,  to  sustain  or  support 
its  weight  in  the  air;  but,  on  the  other  hand,  the  resistance  to  motion 
through  such  a  medium  is  so  slight,  that  comparatively  little  forward 
impulse  is  sufficient  to  propel  it  through  the  air.  In  accordance  with 
these  necessities,  the  wings  of  the  bird  operate  on  the  air  chiefly  in  a 
vertical  direction ;  but,  be  it  observed,  owing  to  the  more  yielding  nature 
of  the  hind«'r  e<lge  of  the  wing,  the  air  escapes  under  that  edge,  which  is 
lifted  up,  so  that  the  efficient  action  of  the  stroke  is  not  directly  down- 
wards, but  downwanls  and  a  little  backwards  in  the  air.  The  reaction 
of  that  medium  takes  place  against  the  wings  in  the  opposite  direction, 
that  is,  chiefly  upwards,  but  slightly  forwai-ds ;  and  the  combined  result 
is  to  sustain,  or  lift,  the  centre  of  gravity  of  the  body  of  the  bird  above 
the  tips  of  the  descending  wings,  and  to  urge  it  also  forwards.  The 
former  act  demands  a  very  large  expenditure,  but  the  latter  a  com« 
paratively  small  outlay  of  wing  force.  The  wings,  having  made  their 
downwani  stroke,  arc  lifted,  and  then  again  descend,  and  so  on.  The 
reasons  why  the  descending  stroke  of  the  wing  is  more  effective  than 
the  upward  movement,  are  these  :  first,  the  holding  power  of  the  wing 
is  increased  by  the  concavity  of  its  under  surface,  and  by  the  concavity 


238 


SPECIAL  PHTSIOLOGT. 


of  every  quill-feather,  also  by  the  overlappmg  of  these,  and  the  loddng 
together  of  their  barbs  and  barbules ;  whilst  in  the  upward  moTement, 
the  air  passes  off  the  convex  surface  of  the  wing  and  its  chief  com- 
ponent feathers,  and,  as  it  were,  filters  through,  behind  the  weaker  pos- 
terior barbs  of  each  feather,  and  through  their  unlocked  barbules. 
Secondly,  it  is  probable,  that  the  area  of  the  wing,  owing  to  its  more 

Serfect  extension,  is  slightly  greater  in  its  downward  movement,  than 
uring  its  upward  movement ;  a  condition  also  favoured  by  the  farther 
yielding  ana  bending  of  the  quills  and  wings  in  the  upward  movement, 
as  compared  with  their  stifihess  and  diminished  curvature  in  the  down- 
ward stroke.  Lastly,  force  and  time  being  joint  elements  in  the  de- 
velopment of  a  given  momentum,  it  is  probable  that  the  downward 
stroke  is  accomplished  with  greater  energy  and  velocity  than  the  upward 
movement.  Be  this  as  it  may,  without  an  extraordinary  difference 
between  the  efficient  action  of  the  downwari  and  the  upward  movement 
of  the  wing,  no  sustaining,  much  less  a  lifting,  power  would  be  gained, 
and  the  force  of  gravity  would  cause  the  bird  to  descend  to  the  ground. 
By  rapid  strokes  of  the  wings,  slightly  rotated  and  firmly  held,  in  a 
directly  downward  direction,  the  biid  is  lifted  upwards  perpendicularly 
in  the  air.  In  hovering  over  one  spot,  the  wings  appear  to  act  directly 
downwards,  but  probably  they  are  so  rotated  forwards,  as  to  counteract 
the  effect  of  the  sliding  of  the  air  from  behind  their  posterior  edges ; 
and  thus  they  merely  support  the  bird  at  one  spot  in  the  air.  Pro- 
gressive movement  requires  in  addition,  a  slightly  oblique  force  exercised, 
as  just  described,  downwards  and  a  little  backwards,  so  as  to  produce 
a  reactionary  force  of  the  air  upwards  and  a  little  forwards.  The  efiect 
of  gravity  alone,  when  once  the  bird  is  raised  sufficiently  high  in  the 
air,  will  produce,  owing  to  tlie  easier  escape  of  tlio  air  behind  the  weak 
edge  of  the  wings,  a  forward  but  gradually  descending  movement, 
which  \a  known  ri,*).  stiiliTijt  tlifTnigh  the  iiif^.     In  glidm|T  or  skimming 
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ted  and  flfbf  mfles  aa  hour,  in  the  cue  of  eertain  hawks  and  ftleona. 
Hw  vinyl,  the  eharacteristie  looomotive  oigana  of  birds,  are  sometimes, 
as  In  the  penguins  and  auks,  modified  by  being  shortened  and  provided 
Qotf  with  short,  stil^  closed  festhers,  so  as  to  act  like  fins,  or  paddles, 
sspadallj  in  the  movements  of  diving  and  swimming  beneath  the  snr- 
fusL  In  the  cursorial  or  nmning  birds,  such  as  the  cassowary,  ostiich, 
aad  aptezyz,  the  sternum  is  short,  and  its  keel  absent ;  the  claTides  aie 
smftll,  attached  firmly  to  the  scapulse  by  bone,  but  do  not  reach  each  other 
in  froint ;  the  clavicles  are  even  sometimes  absent ;  in  these  birds,  the 
ving  is  small,  or  so  rudimentary  as  to  be  wholly  iinlike  a  wing. 

Prehension  and  Manipulation  in  Man, 

By  &r  the  most  complicated  prehensile  instrument  in 
snimal  mechanics,  is  the  human  upper  limb ;  and  the  singular 
perfection  of  all  its  parts,  and  especially  of  its  terminal  segment, 
the  hand,  makes  it  the  most  perfect  manipulative  organ  with 
which  we  are  acquainted,  and  well  fitted  for  the  execution  of 
the  TariouB  designs  and  behests  of  human  ingenuity  and  wilL 
The  n^;atiye  qualities  of  the  human  upper  limb,  considered  aa 
m  locomotive  organ,  constitute  positive  adaptations  for  its  pre- 
hensQe  and  manipulative  purposes.  Amongst  these,  may  be 
mentioned  the  following: — its  smaller  size, as  compared  with  the 
lower  limb  ;  the  sole  bony  attachment  between  the  inner  end 
of  the  clavicle,  and  the  8ternum,  so  slight  in  comparison  with 
the  solid  connection  of  the  pelvic  bones  with  each  other,  and 
with  the  vertebral  column  ;  the  consequent  extreme  mobility 
of  the  scapula  and  clavicle  upon  the  trunk,  as  contrasted  with 
the  immovability  of  the  pelvis ;  the  shallow  socket  of  the 
shoulder -joint,  and  the  almost  unlimited  character  of  free  play 
of  its  movements,  as  contrasted  with  the  deep  hip-joint,  and 
its  more  restrained  motions ;  the  complex  nature  of  the  elbow- 
joint,  and  espec;ially  the  separate  movements  of  the  radius 
upon  tlie  ulna,  for  the  pronation  and  supination  of  the  hand, 
as  contrasted  with  the  fixity  of  the  tibia  and  fibula ;  the 
lightness  of  the  caq>al  bones,  fig.  53,  1  to  8,  as  contrasted  with 
the  large  size  of  those  of  the  tarsus  (comimre  figs.  51  and  53) ; 
tlie  articulation  of  the  hand  in  a  line  with  the  fore-arm,  instead 
of  at  right  angles,  like  that  of  the  foot  upon  the  leg ;  the 
greater  length  of  the  metacarpus,  fig.  53,  9,  in  relation  to  the 
carpus,  as  contrasted  with  the  more  equal  length  of  the  tarsus 
and  metatiirsus,  fig.  51 ;  the  standing  out  of  the  first  meta- 
carpal bone  from  the  rest,  fig.  53,  so  as  to  support  the 
opposable  thumb  ;  the  great  relative  length  of  the  phalanges 
of  the  fingers,  10,  11,  12, — those  of  the  middle  finger  being 
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about  equal  in  length  to  the  carpus  and  metacarpus  together, 
whilst,  in  the  foot,  the  phalanges  are  not  longer  than  the 
metatiirsus  only  ; — and  lastly,  the  super-addition  of  particular 
muscU's,  not  represented  in  the  lower  limb,  as  for  example  the 
pronators  and  supinators  of  the  fore-arm,  and  certain  special 
musc'K^s,  viz.  the  long  extensors,  and  the  opponens,  belonging 
to  the  tlnunb,  and  the  proi)er  long  extensors  of  the  fore  and 
little  fingors.  The  great  toe,  however,  is  alt*©  well  supplied 
with  muscles',  and  j)ossesses,  in  certain  races,  a  slight  prehensile 
power. 

Pig.  63. 


XAinPirLATION. — ^THS  ABX  AKD  HAH0. 
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ttslnmienifly  which  fbrmsonlj  i  of  aspheroid, instead  of  }^  as 
m  tbe  case  of  the  femur,  moveg  freely  in  all  directions  on  the 
■capnla. ;  but  tbe  joint  is  protected  by  the  tendons  of  many 
nuMoleSi  and  is,  moreovery  overhung  by  one  process  of  the 


Fig.  54. 


Fig.  54.  The  rsdius  and  ulna  of  tho  loft  fore-arm,  <een  in  ftront,  tied  tcfrelher  by 
their  lifrainoiitH,  to  show  the  mctohaiuHni  of  tho  joints  concerned  in  pronatiou 
and  supination.  1,  the  ulna;  2.  tho  radius ;  3,  the  olecranon  process,  below 
which  i«  tho  jcroat  S'frmoid  notch  for  tin;  reception  of  the  trochlear  (iurfMW  on 
the  lower  end  of  the  humerus ;  4,  the  or>»icular  ligament,  which  springs  tram 
tho  ulna,  and  embraces  the  head  of  the  radius,  without  being  attached  to 
that  bone ;  5,  the  oblique  or  chock  liKainent ;  6,  tho  interosseous  membrane ; 
7,  the  broai  lower  end  of  the  radius,  with  which  tho  hand  is  chiefly  con- 
nected; 8,  the  intei  articular  ftbro-cartilaire  which  passes  from  the  edgoof 
the  lower  end  of  the  radius,  to  the  styloid  process  at  the  lower  end  of  the 
ulna,  without  being  attached  to  the  lower  articuUur  eud  of  the  latter  bone. 

scapula,  above,  named  the  acromion  procpss,  and  by  another, 
tbe  coracoid  process,  in  front.  The  elbow-joint  (page  192) 
presents,  on  its  inner  side,  a  trochlear  or  pulley-like  surface, 
on  the  lower  end  of  the  humerus,  which  is  received  into  a  deep 
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notch  (the  greater  sigmoid),  fig.  54,  found  on  the  firont  of  the 
olecranon  process,  3,  at  the  upper  end  of  the  ulna ;  the  two 
bones  are  thus  so  securely  fitted,  that  the  ulna  moves  upon  the 
humerus,  in  the  direction  of  flexion  and  extension  only.  At 
the  outer  side  of  the  elbow -joint,  the  lower  end  of  the  humerus 
is  provided  with  a  round^  eminence,  continuous  with  the 
trochlear  surface  just  mentioned,  and  having  the  upper  end  of 
the  radius,  2,  which  is  slightly  hollowed,  fitted  to  it.  The 
inner  side  of  the  head  of  the  radius,  also  smooth  and  articular, 
and  therefore  covered  with  cartilage,  is  received  into  a  small 
notch  (smaller  sigmoid)  on  the  outer  side  of  the  ulna,  and  a 
strong  collar- like  ligament,  named  orbicular,  4,  passes  from 
both  borders  of  this  sigmoid  notch,  and  embraces  the  head  of 
the  radius,  without  being  fixed  to  it.  Hence,  although,  at  the 
elbow-joint,  the  radius  is  carried  to  and  fro  with  the  ulna, 
upon  the  humerus,  in  the  movements  of  flexion  and  extension 
of  the  fore-arm  upon  the  arm,  yet,  provision  is  made  in  the 
mode  of  articulation  of  tlie  radius  and  ulna  at  their  upper 
ends,  for  that  peculiar  motion  between  the  two  bones,  which 
constitutes  pronation  and  supination  of  the  fore-arm  and  hand. 
A  line  drawn  through  the  elbow-joint,  from  side  to  side,  is 
oblique,  the  inner  condyle  of  the  humerus  being  longer  than 
the  outer  one  ;  in  consequence  of  this,  when  the  joint  is  flexed, 
the  fore-arm  is  not  bent  directly  upon  the  arm,  but  is  carried 


ICAKIPUULTIOir.— in  HANIk  S4S 

L  of  ihe  band  is  torncd  downwards,  being  called  pronation^ 
ike  woTd  prone  (lying  cm  the  Ace) ;  whilst  ^e  rolling 
moCioii  outwards  in  which  the  palm  of  the  band  is  tamed 
iipwwds  and  its  back  downwards,  is  called  fupinaUan^  from 
sapna  (lying  on  the  back). 

This  most  admirable  arrangement  multiplies  the  use  of 
the  hand,  enabling  it,  by  this  simple  additional  movement,  to 
operate  upwards  or  downwards,  or  at  any  intermediate  point. 
Tke  genmd  motion  at  the  wnst  joint  is  of  a  hinge-like 
character,  but  slight  lateral  movements  increase  the  flexibility 
of  the  joint  in  those  directions,  and  this  is  also  augmented,  in 
tlie  direction  of  flexion,  by  the  arrangement  of  the  carpal  bones 
into  two  rows.  The  hand  itself  is  slightly  arched  transversely 
in  llie  palm,  like  the  foot  in  the  sole,  but  scarcely  so  from 
befinre  backwards ;  the  concavity  of  the  palm  is  not  intended  to 
gire  it  strength  as  an  organ  of  support,  but  besides  affording 
protection  to  important  bloodvessels  and  nerves,  it  serves  to 
adapt  the  hand  for  holding  purposes;  moreover,  the  ends  of 
the  metacarpal  bones  on  which  the  fingers  are  supported,  when 
looked  at  endways,  are  seen  to  form  a  curved  line,  in  conse- 
quence of  which  the  fingers,  when  closed,  are  tlirown  together, 
pointing  towards  the  middle  of  the  palm,  and  are  more  easily 
opposed  to  the  thumb.  The  joints  at  the  base  of  the  fingers, 
being  ball  and  socket  joints,  those  digits  may  be  spread  out 
laterally,  and  each  may  be  moved  upon  its  base,  in  any  given 
direction ;  whilst  the  succeeding  two  joints,  being  hinge  joints, 
a  certain  definition  and  greater  firmness  are  imparted  to  the 
movements  of  the  phalanges  themselves.  Whilst  each  finger 
at  its  base,  and  at  the  last  joint,  can  be  bent  ordinarily  only 
to  a  right  angle,  the  inter\'ening  or  second  phalangeal  articula- 
tion can  be  bent  to  an  acute  angle,  an  arrangement  favoured  by 
the  splitting  of  the  extensor  tendon  over  the  back  of  that 
joint;  this  arrangement  evidently  permits  of  a  more  perfect 
grasp.  The  sepiiration  of  the  first  metacarpal  bone,  which  sup- 
ports the  thumb,  from  the  rest,  instead  of  being  parallel  as  in 
the  foot,  and  the  oppoaability  of  that  digit  to  the  other  fingers, 
have  already  been  mentioned ;  the  joint  at  the  base  of  that 
metacarpal  bone,  next  to  the  wrist,  instead  of  being  a  gliding 
joint  like  the  others,  is  a  modified  ball  and  socket  joint,  capa- 
ble of  movement  in  all  directions ;  the  two  remaining  joints 
of  the  thumb  are,  however,  hinge-joints. 

The  great  distinguishing  characteristic  of  the  human  hand, 
as  compared  with  the  hand  of  the  so-called  Quadrumana,  is, 
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besides  the  better  proportion  of  the  finger?*,  the  relative  length 
and  perfection  of  its  thumb,  which,  when  the  hand  is  extended, 
reaches  a  little  beyond  the  middle  of  the  first  phalanx  of  the 
fore-finger ;  whereas,  in  no  anthropoid  ape,  does  it  even  reach 
beyond  the  base  of  that  finger.  It  was  formerly  supposed  that 
the  presence  of  two  extensor  tendons  in  the  fore  and  little 
fingers,  was  a  peculiarity  especially  human  ;  but  a  double  ex- 
tensor tendon  is  common  in  the  fingers  or  toes  of  quadrupeds, 
even  though  only  the  middle  digit  remains  developed. 

It  is  necessary  tf)  add,  that  by  the  combination  of  length 
with  strength,  and  by  the  more  refined  character  of  the  tactile 
endowment  of  its  broad  pulps  supported  by  its  expanded 
nails,  as  well  as  by  its  general  mechanism  and  movements, 
the  human  hand  is  likewise  distinguished  from  the  hands  of 
the  anthropoid  apes  and  the  monkeys. 


Prehension  and  Manipulation  in  Animals, 

Ab  just  impliod,  tho  hand,  in  the  anthropoid  apra,  is  characterised  by 
Ui«  lenj»ih  of  tho  finpers,  and  the  shortness  of  the  thumb.  That  of  the 
gorilla,  exceods,  in  size  and  power,  the  human  member;  tho  shortness  of 
the  free  portion  of  the  tinkers,  owing  to  the  extension  forwards  upon 
them  of  the  skin  of  the  palm,  toeether  with  the  shortness  of  the  thumb, 
are  characteristics  whioh,  though  they  may  increase  its  mere  grasping 
power,  detract  from  it,  in  comparison  with  the  human  hand,  as  an  in- 
Htrunifiit  f'>r  varietl  work.     Thr  IiMmfh  of  thi'  fiitiri^  linih^  aad  that  of 
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b  A*  liiadffr  limb^  howerer,  tl^  phalangM  of  the  lint  or  inner  toe  are 
_•.  ^^  ^  0^  metaUrsal  bone  ie  mdimentaiy.     There  ia  a 

DontriYanoe  in  all  fonr  limbe  of  the  cat  tribe,  by  which  the  lait 
»  which  is  curred,  and  proyided  with  a  bony  eheath  for  the  firm 
iDt  of  the  hooked  claw,  can  be  withdrawn,  or  protruded,  at  the 
k  of  the  animal.  At  the  inner  side  of  the  last  phalanx  but  one, 
ii  ft  lateral  process,  or  projection,  upon  which  the  last  phalanx  |davB ; 
eertaiB  ehstic  ligamento,  passing  from  one  to  the  otber,  keen  the  claw 
kabiHially  retracted,  witbout  em>rt  on  the  part  of  the  animsl,  and  thnt 
out  of  t£e  way,  in  ordinary  loconKtire  acts ;  but  the  nowerfril  flexor 
■melee  of  the  last  phalanges  move  the  claws  forwards,  and  so  pro- 
teoda  them,  when  the  &et  are  used  for  prehensile  nnrposes,  as  in 
dimbiiig,  or  in  holding  prey,  or.  in  acts  of  offence  ana  defence.  It  ia 
obriMia  that  these  retractile  claws  ar^,  in  this  waj,  saved  from  unnecea- 
avy  w«ar,  and  are  not  protruded  to  the  inconvenience  of  the  animal  in 
aiBipia  loeomotion.  A  certain  power  of  pronation  and  supination  of  the 
toe  paw,  is  pennitted  in  these  animals,  by  a  moderate  rolling  move- 
mmat  of  the  radius  on  the  ulna ;  but  this  is  not  to  be  compared  with 
what  ia  found  in  the  apes  and  monkeys,  in  which  it  equals  that  possessed 
hf  nan.  In  the  bean,  a  greater  amount  of  pronation  is  permitted  than 
in  thecals. 

Ihe  prehensile  power  of  the  limbs,  in  animals  lower  than  the  cami- 
vor%  begins  to  disappear,  first  from  the  hinder  limb,  and  then  from  the 
fore  limb  also ;  the  squirrel  and  the  kangaroo  have  already  been  men- 
tioned, but  with  these,  and  a  few  other  like  exceptions,  the  foro  limb 
comes  to  be  used  perhaps  as  a  burrowing,  or  climbing,  member,  but 
more  commonly  as  a  locomotive  or^n  of  some  kind  or  other ;  and  the 
prehensile  faculty  of  the  animal  is  exercised  either  by  the  lips  and 
jaws,  or  else,  as  in  the  case  of  the  elephant's  proboscis,  which  possesses 
not  less  than  40,000  separate  interluciug  muscular  slips,  by  a  special 
muscular  organ  provided  for  that  pur|)ose.  The  tail  abo,  in  certain 
Qnadrumana,  as  in  the  spider-monkey,  which  has  no  thumb  in  the 
hand,  is  a  prehensile  organ  ot  great  length  and  power.  In  accordance 
with  the  adaptation  of  the  fore  limb  to  purposes  of  locomotion  only, 
the  movements  of  pronation  and  supination  between  the  radius  and  ulna, 
are  absent  in  the  Kuminauts,  Soli}>cds,  Cetaceans,  and  others.  In  the 
mole,  the  burrowing  power  of  the  fore  liml)  is  provided  for,  by  the 
shortness  and  width  of  the  humerus,  radius,  and  ulna,  by  the  limitation 
of  the  movements  at  the  shoulder  and  elbow,  and  by  the  presence  of  a 
carious  sickle-shaped  bone,  situated  between  the  radius  and  the  base  of 
the  thumb,  which  serves  to  increase  the  width  of  the  strong  hand.  In 
this  animal  also,  the  cUivicle  is  strong,  is  articulated  in  a  peculiar  man- 
ner, and  has  a  very  large  subclavius  muscle  attached  to  it. 

The  characters  and  structure  of  the  prehensile  organs  in  Birds,  viz. 
the  bill  and  jaws,  and  the  feet  and  claws,  do  not  require  special 
explanation  ;  neither  do  those  of  the  powerful  prehensile  jaws  and 
teeth  of  the  dolphins  and  jwrpoises,  amongst  the  Cetaceous  mam- 
malia ;  nor  of  tlie  large  Sjiurian  Reptiles ;  nor  of  the  sharks,  and  other 
predaceous  Fishes ;  nor  yet  the  feebler  instruments  of  the  soft-skinned 
Amphibious  Animals  and  the  smaller  Fishes.  The  tongue,  in  the 
parrots,  is  lanre,  and  acts  against  the  upper  jaw,  in  holding  and  turning 
the  food ;  in  the  honey-feeding  hummiog-biids,  the  tip  of  the  tongue  is 
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fikmentoTiB ;  in  the  woodpecker,  its  point  is  barbed.  The  tongues  of 
the  woodpecker,  chameleon,  and  toad,  likewise,  afibrd  examples  of 
special  contrivances  for  the  prehension  of  food,  each  possessing  the 
power  of  being  suddenly  protruded  and  withdrawn  again  into  the 
mouth.  In  the  woodpecker,  the  tongue  is  supported  on  a  hyoid,  or 
lingual  bone,  which  is  bifurcated  backwards,  and  extended,  by  cartila- 
ginous prolongations,  along  two  grooves  on  the  back  of  the  cranium ; 
Qiese  prolongations  being  drawn  forward  in  the  grooves,  by  proper 
muscles,  the  tongue  is  rapidly  extended,  and  is  acain  retracted  by  other 
muscles.  In  the  chameleon,  the  tongue  lies  in  the  interior  of  a  fleshy 
sheath,  composed  of  circular  muscular  fibres,  by  the  contraction  of  which, 
the  tongue  is  extruded  from  the  mouth,  from  which  position  it  is  again 
withdrawn  into  its  sheath,  by  a  proper  retractor-muscle.  In  the  toad, 
there  is  a  partly  similar  contrivance ;  but  the  tongue,  in  a  state  of  rest, 
is  bent  backwards  upon  itself,  and  is  rapidly  unfolded  forwards,  at  the 
same  time  that  it  is  protruded  from  the  mouth.  The  suckers,  or  oigans 
of  attachment,  found  in  the  remora  and  similar  fish,  by  which  they 
attach  themselves  as  parasites  to  the  whale,  or  other  marine  animals, 
are  also  prehensile  in  their  character ;  but  for  purposes  of  general  pre- 
hension, fishes  must  use  their  very  mobile  jaws,  the  fins  never  acting 
in  that  capacity. 

In  the  soft  MoUusca,  a  prehensile  apparatus,  by  which  they  hold  to 
foreign  bodies,  or  seize  their  prey,  is  frequently  present,  consisting  of 
tentacula,  or  arms,  which  surround  the  opening  of  the  mouth.  In  the 
Cephalopods,  these  attain  their  greatest  development,  being  strong  mus- 
cular organs,  provided  on  their  inner  or  holding  surface  with  numerous 
discoid,  cup-like  suckers,  the  centres  of  which  can  be  retracted,  after 
they  are  applied  to  any  foreign  body,  and  so  bring  atmospheric  pressure 
into  pjttsR^ise  up5ji   tht'ir   nnirtrin*i.     The  ti.^iitH(uU   of  oJhir  Molluiicft 
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|tet  of  tihe  body  IB  exempt  from  the  liabilityto  undeigo  move- 
wbich  are  true  manifestations  or  expresuons  of  internal 
ThnSy  the  respiiatoiy  muscles'are  alao  excited  to 
i  in  crying,  sighing,  sobbing  and  laughter.  The  hand  is 
finnljr  dosed,  and  the  foot  is  stamped  on  the  ground  in  rage; 
IIm  iniole  frame  is  erect,  and  the  attitude  and  gestures  are  &m 
ibder  a  spirit  of  defiance ;  whilst  the  knees  are  bent,  and  the 
body  droops  under  the  influence  of  fear.  The  teeth,  too^  are 
ckoohed  or  opened,  in  passion  or  in  firight,  the  movements  of 
the  JBWS  necessary  to  produce  this  effect,  being  caused  by  the 
musdleB  of  mastication,  not  by  the  proper  fiunal  muscles.  But 
It  is  lliese  latter,  together  vrith  the  muscles  of  the  eyeballs, 
vliidiare  chiefly  and  remarkably  dominated  by  the  passions  or 
rnnrndann,  or  by  the  voluntary  mutation  of  these,  in  the  case 
of  the  actor.  The  precise  mode  in  which  the  eyeballs  are 
moTod  in  different  directions,  will  be  expkiined  in  the  chapter 
on  die  Senses.  As  regards  the  muscles  which  co-operate  to 
pKodnoe  any  special  expression  in  the  &ce,  space  does  not 
aSk/w  us  to  particularise  them.  It  is  noticeable,  however, 
lliat  they  belong  to  that  class  of  muscles  which  are  attached 
to  bone  by  one  end  only,  the  other  end  being  fixed  to  the 
soft  parts,  that  is  to  the  skin,  so  as  to  pull  the  integuments  in 
various  directions,  and  produce  folds  contrary  to  the  line  of  di- 
rection of  the  muscular  fibres  themselves :  thus,  the  horizontal 
wrinkles  on  the  forehead,  are  produced  by  the  contraction 
of  a  muscle  (frontal  portion  of  occipi  to- frontalis),  the  fibres  of 
which  pass  vertically  down  to  the  eyebrows  ;  whilst  the  folds 
produced  at  the  outer  corner  of  the  eye  in  strong  laughter, 
are  the  result  of  the  contraction  of  the  subcutaneous  muscle 
(orbicularis  palpebrarum),  the  fibres  of  which  pass  elliptically, 
around  the  opening  between  the  eyelids.  The  muscles  of  the 
fiice  are  imder  the  control  of  a  8}>ecial  nerve,  called  the  facial 
nerve,  distinct  from  the  one  which  supplies  the  muscles  of 
mastication. 

Expression  and  Gesture  in  Animals, 

There  can  be  no  doubt  that  these  are  more  actively  manifested  in  the 
Anthropoid  apes  and  monkeys,  than  in  any  animals  lower  in  the  scale ; 
the  attitudes,  grimaces,  and  imitative  acts  of  those  creatures,  nearly, 
and  sometimes  painfully,  mimic  those  of  man,  and  the  mechanism  of  their 
production  is  similar.  In  the  other  Mammalia,  the  faculty  of  expression, 
nowever,  and  of  facial  expression  too,  is  by  no  means  absent ;  but  by 
various  actions,  such  as  stamping,  scratching,  pawing,  or  wagging  of  the 
tail,  by  leaping  or  slinking  movements,  t]bey  manifest  distinctly,  and 
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HYBt^matically,  their  yarious  emotions ;  whilst  the  chanee  of  feature  in 
the  coimtenance,  for  example,  of  the  lion  or  tiger,  or  of  tae  horse,  exem- 
plifies tlie  possession  of  facial  ex^iressional  power.  In  many  mammaKa, 
the  eyeballs  become  prominent  during  emotion. 

Paj^sing  from  those  to  the  lower  vertebrate  animals,  features  properly 
80  called,  or  at  any  rate,  movable  features,  consisting  of  a  soft  integu- 
ment acted  upon  by  subjacent  bands  of  muscle,  cease  to  exist.  In  Birds, 
these  are  replaced  by  the  immovable  homy  bill,  and  by  feathers  which 
conceal  all  parts  of  the  head,  with  the  exception  of  the  eyelids  and  eyes  ; 
the  feathers  of  the  head  and  neck,  and  those  around  the  ear,  are  capable 
of  being  raised  under  excitement.  In  the  hard-skinned  Reptiles,  as 
in  the  snakes,  there  are  not  even  eyelids,  the  common  homy  integu- 
ment passing  like  a  fixed  watch-glass,  in  front  of  the  eye,  whilst  even 
in  the  saurian  and  chelonian  group,  the  eyelid  is  the  only  movable 
feature.  The  same  is  the  case  even  in  the  softer-skinned  Amphibia. 
In  the  Fishes,  the  features  are  still  more  simple,  tlio  surfiice  of  the  face 
being  little  more  than  a  reproduction  of  the  forms  of  the  skeleton 
beneath,  with  a  few  muscles  moving  the  upper  and  lower  lips.  In  all 
these  cases,  from  the  Bird  downwards  to  the  Fishes,  we  miss,  if  not  the 
movable  cartilaginous  eyelids,  at  least  the  variously  formed  cartilage- 
supported  ears,  the  cartilaginous  and  movable  nose,  the  fleshy  lips,  and 
the  soft  and  movable  cheeks :  and  accordingly,  facial  expression,  reduced 
in  its  resources,  becomes  more  and  more  feeble,  or  fixed,  as  we  descend 
in  the  scale. 

To  the  naturalist,  instances  of  actions  and  motions,  which  may  be 
iuti^preted  as  belonging  to  the  categoiy  of  expressional  movements,  will 
readily  recur  in  the  case  of  the  Molluscous,  Annulose,  and  even  lower 
animals.  We  allude  to  such  movements  as  the  retraction  of  the  ten- 
tacles of  an  alarmed  cuttle-fish  or  sea-anemone,  the  defhuit  attitudes 
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tiwi  below;  it  is  enupended  from  the  hyoid  bone,  A,  hy 
■nudee  and  ligaments;  its  cavity  communicatefl  with  the 
phaiyiix,  Pj  above,  and  witb  the  trachea,  6,  below.  Although 
die  urynz  is  the  proper  organ  of  voice,  yet  the  lungs  and  we 
morable  and  moving  parts  of  the  thorax,  serve  to  propel  the 
pccciniy  air  through  this  organ ;  whilst  the  air-passages  and 
cavities  above  it,  including  the  pharynx,  mouth,  and  nasal 
cavitiefl,  assist  in  modifying  the  vocal  sounds,  and  are  there- 
foe  adjuvant  and  supplementary  oigans  of  voice. 

Fig.  66. 


Tig.  55.  Three  views  of  the  diR«iectcd  hunian  larynx,  a,  left  side  of  the  larynx, 
Hhowiug  the  cartilaucs ;  1,  the  epiglottis ;  2,  the  thyroid  cartila^,  its  left  wim 
or  wiiig ;  4,  upper  rin^H  of  the  tnichca  or  windpipe ;  5,  the  cricoid  cartilage; 
6,  the  left  crico-thyroid  uiU!i(*Ie ;  •,  the  position  of  the  left  arytenoid  carti- 
lage, shown  by  a  faint  outline;  6,  the  inner  side  of  the  riicht  half  of  the 
larynx,  wliich  is  supposed  to  have  been  dividcKi  longitudinally  down  the 
middle  line;  1,  section  of  epiglottis ;  2, 2,  right  lialf  or  ala  of  the  thyroid  car- 
tilage ;  5,  ditto  of  cricoid ;  7,  right  true  vocal  cord ;  above  this,  is  the  long 
opening  of  the  ventricU?  of  the  larynx,  alx)ve  tliat,  the  fldse  vocal  cord ;  c, 
perpendicular  section  across  the  larynx,  showing  the  posterior  surface  of  the 
antcnor  half  of  the  organ ;  1,  hinder  surface  of  the  epiglottis ;  2,  section  of  the 
right  half  of  the  thyroid  cartilage ;  3,  section  acrosn  both  the  vocal  cords, 
and  the  intermediate  chink,  or  glottis,  with  the  ventricleB  of  the  larynx  above 
them ;  4,  anterior  part  of  the  trachea. 

The  framework  of  tlic  larynx  is  made  up  of  cartilages,  which 
are  connected  together  by  ligaments,  and  furnished  with 
muscles,  extrinsic  and  intrinsic ;  the  whole  organ  is  of  course 
supplied  with  bloodvessels,  nerves,  and  lymphatics;  its  in- 
terior is  lined  by  a  highly  sensitive  mucous  membrane. 

The  cartilages^  which  constitute  the  basis  of  the  organ,  are 
four  in  number ;  viz.  the  cricoid,  thyroid,  and  the  two  ary- 
tenoid.    The  cricoid^  fig.  55,  a,  by  5,  fig.  56,  B,  6,  which 
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resembles  a  signet-ring  placed  verticallj,  with  its  broader  por- 
tion turned  backwards,  forms  the  base  or  lower  part  of  the 
organ.  On  the  summit  of  the  posterior  border  of  the  cricoid, 
are  the  two  arytenoid  cartilages,  one  on  each  side,  figs.  55, 56  * ; 
these  are  two  small  pyramidal  pieces  situated  close  to  each 
other,  and  connected  with  the  cricoid  cartilage  by  means  of 
true  ball  and  socket  joints.  Each  presents  at  its  base,  an 
anterior  and  a  lateral  process.  As  we  shall  hereailer  see, 
they  are  most  important  structures  in  the  production  of  the 
voice.  The  thyroid  cartilage,  2,  2,  rests  upon  the  fore  part  of 
the  cricoid ;  it  is  the  largest  cartilage  in  the  larynx,  covering 
the  others  in  front  and  at  the  sides.  It  consists  of  a  broad, 
cartilaginous  plate,  forming  two  wings  or  die,  united  at  an 
acute  angle  in  the  middle  line  in  front,  where  it  forms  the  pro- 
jection called  the  pomum  Adami  or  Adam's  apple,  fig.  9  ;  its 
right  and  left  hinder  borders  terminate,  above  and  below,  in 
little  processes ;  of  these,  the  two  upper  ones,  called  the  su- 
perior  comua,  serve  to  connect  the  cartilage,  by  means  of 
ligaments,  with  the  hyoid  bone;  and  the  two  lower  ones, 
called  the  inferior  cornua,  present  each  a  small,  smooth,  oval 
surface  for  articulation  with  the  cricoid  cartilage.  The  car- 
tilages of  the  larynx  are  composed  of  pure  cartilage ;  in  ad- 
vanced age,  they  frequently  undergo  partial  ossification. 

Bi^liind  the  t<inirMi.\  mw]  in   front  of  the  upT>cr  opening  uf 


THB  OSOAH  or  TOICX. 


i5t 


am  the  true  vocal  cordsy  fig.  55,  56,  7,  the  emeatial  organs  of 
Toioe ;  they  are  made  up  chiefly  of  yellow  elastic  tissue, 
eorered  by  mucous  membrane;  and  diey  form  two  sharp 
ridgea  or  projections,  having  very  fine  and  smooth  edges, 
tomad  towards  each  other,  and  placed  accurately  on  the  same 
IsreL  Between  the  true  vocal  cords,  fig.  56,  is  a  narroW| 
aomewhat  triangular  interval  or  fissure,  wider  behind  than  in 
ftoot,  called  the  glottiSj  or  rma  glattidis  or  chink  of  the  gloUU ; 
in  man,  it  is  about  eleven  lines  in  length,  and  nearly  half  an 
ineh  in  width  at  its  widest  part ;  its  measurements  in  the 
ftmale,  are  two  or  three  lines  less ;  at  its  hinder  part,  or  base, 
the  triangular  fissure  is  bounded  by  the  arytenoid  cartilages. 


Pig.  S6.  Two  bird*8-«yc  views  of  the  larynx,  the  back  part  of  the  organ  being 
turned  towartla  the  top  of  the  pa^ :  the  left-hand  figure,  A.  has  the  mucoui 
membrane  partly  lt;a  on ;  the  right-hand  and  large  figuro,  B,  is  diwected,  to 
■how  the  muscles  and  separated  vocal  cords.  In  the  formvr  figure  the  epi- 
glottis is  marked  1,  the  thyroid  2,  2,  the  right  arytenoid  •,  and  the  Tooal 
cords  7 ;  between  them  is  the  glottis,  or  rima  glottidis  or  chink  of  the 
glottis;  outside  them  are  the  ventricles  of  the  larynx.  In  the  left-hand 
figure,  a  is  the  posterior  crioo-arytcnoid  muscle;  6,  the  arytenoid  muiola 
passing  across  the  middle  line;  c,  the  lateral  crico-aiytenoid  muscle ;  d,  the 
thyro-arytenoid  muscle;  7,  the  right  vocal  cord.  2,  is  the  thyroid  cartilage  j 
8.  the  cricoid ;  *,  the  right  arytenoid. 

on  either  side,  for  the  vocal  cords  do  not  extend  so  far  back. 
This  hinder  part  of  the  fissure  is  called  the  arytenoid  portion. 
Above  each  true  vocal  cord  is  a  cavity  on  either  side,  named 
the  ventricle  of  the  lan/iiXy  fig.  55  ;  this  leads,  anteriorly,  into 
a  pouch  of  the  mucous  membraue  called  the  lart/ngeal  sac,  the 
Hurface  of  which  is  scattered  over  with  sixty  or  seventy  mucous 
glands,  the  secretion  from  which  serves  to  maintain  the  vocal 
cords,  and  surrounding  jmrts,  in  a  moist  condition. 
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Connected  with  the  kuyngeal  cartilages,  are  seyeral  small 
muscles,  which,  witli  one  exception,  exist  in  pairs.  The  crico- 
thifroid  muscle,  fig.  55,  a,  6,  extends  from  the  side  of  the 
tliyroid  cartilage  to  the  cricoid  cartilage.  Arising  from  the 
Aide  of  the  cricoid,  and  passing  upwards  and  outwards  to  the 
lateral  process  of  the  base  of  the  arytenoid  cartilage,  is  the 
i^nmW  posterior  crico-arytenoid,  fig.  56,  B,  a.  The  lateral  crico- 
arytenoidf  c,  passes  backwards  and  upwards,  from  the  cricoid 
to  the  laterai  process  of  the  arytenoid  cartilage.  On  the 
outer  side  of  each  vocal  cord,  and  lying  parallel  with  it,  is  the 
tht/ro-arytetioid  muscle,  rf,  which  extends  from  the  recessed 
angle  of  the  thyroid  cartilage,  to  the  base  of  the  corresponding 
arytenoid  cartilage.  The  arytenoid^  ft,  is  a  single  muscle  con- 
nected witli  the  posterior  surfaces  of  the  cartilages  of  that 
name. 

The  mucous  membrane  of  the  larynx  is  covered  in  the 
greiiter  part  of  its  extent  with  a  columnar,  ciliated  epithe- 
lium ;  but  the  vocal  cords,  and  the  mucous  menibrane  above 
them,  except  for  a  short  distance  in  the  middle  line  ante- 
riorly, are  covered  with  epithelium  of  the  squamous  variety. 
It  i«  continuous  above,  with  the  membrane  lining  the  mouth 
and  pharynx,  and  below,  with  that  of  the  trachea,  and,  with 
the  exception  of  the  parts  covering  the  vocal  cords,  is  studded 
with  mucous  glanda,  tbe  secretins   t>f  which  kt^eps  ttie  aur- 
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is  no  longer  possible;  the  perception  of  sound  remaining, 
not  the  power  of  distinguishing  them.     Bodies  ribrate  bj 
of  the  elasticity  imparted  to  them  by  their  molecular  stipe- 
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torn.  Hm  undulations  of  the  air  may  generate  sound,  or  sound  may  I 
eoamnnicated  to  the  air  by  the  ribrations  of  another  body.  For  the 
pfodnetion  of  a  musical  sound,  the  ribrations  must  succeea  eadi  other 
■ft  nsnlar  intsrrals ;  if  the  Tibrations  occur  at  irregular  interrals,  only 
*  Bouo  vesolts.  The  pitch  of  a  sound  is  determined  by  the  number  A 
vibntkMis  in  a  giren  space  of  time,  becoming  higher  in  a  direct  propor^ 
taon  to  the  rate  <^  rapidity  of  the  vibrations.  Its  strenffth,  or  interuity, 
depends  on  the  extent  of  the  vibratory  action  of  the  sonorous  body. 
This  ^eeoliar  character  of  a  musical  note,  whereby  it  can  at  once  be  dis- 
tinpiiuhed  horn  another  note  of  exactly  the  same  pitch  snd  strength,  is 
eaUed  its  tone  or  timbre^  and  is  dependent  on  the  nature  and  shape  of 
the  Tibnting  body.  A  sonorous  body  may  vibrate  throughout  its  whole 
■MM,  or  in  separate  parts ;  in  the  latter  case,  these  parts  vibrate  in  op- 
poeito  directions,  and  are  separated  from  each  other  by  stationary  points 
eaUed  nodeit,  or  nodal  points, 

Tlie  Mretehfd  cords,  or  strings,  of  stringed  instruments  are  examples 
of  bodies  rendered  elastic  by  tension.  Thev  emit  feeble  tones,  unless 
Uwirafe  connected  with  some  resonant  bodv.  When  a  tense  cord  is 
nade  to  vibrate  throughout  its  entire  length,  it  yields  its  deepest  or 
ftmdamental  note;  if  the  cord  be  divided  into  two  equal  parts  by  a 
bridge  placed  under  it,  the  not<>  heard,  when  it  is  mado  to  vibrate,  i« 
the  octavo  of  tlie  fundaraontal  iioto.  Hence  the  law,  that  the  number  of 
vibrations  of  any  two  strings,  having  tho  same  degree  of  tension,  is, 
other  things  being  equal,  inversely  as  their  length.  Tho  number  of 
vibrations  is  also  dependent  on  the  thickness  of  the  strings  and  their 
tension,  being  inversely  as  the  thickness,  and  proportional  to  tho  square 
root  of  the  tension.  During  the  transverse  vibration  of  a  cord  in  its 
entire  length,  other  and  higher  sounds  than  the  fundamental  note  may 
be  heard,  produce<i  by  the  vibrations  of  aliquot  parts  of  the  cord.  These 
aliquot  parts  are  called  the  harmonic  divisions  of  the  cord. 

The  vibrations  of  dastic  rods  resemble  those  of  strings ;  but  tho 
number  of  vibrations  is  inv<'rsely  as  tho  square  of  tho  length,  and 
directly  as  the  thickness  of  the  rod. 

Themusical  sounds  in  simph'  v^hid  irrsfrumrnts,  are  tho  result  of  the 
successive  condensations  and  rjirefactions  of  the  air  tlirough  a  tube. 
The  pitch  of  the  note,  when  the  column  of  air  within  a  tube  is  thrown 
into  vibrations,  is  d<*ttTminKl  by  the  length  of  the  tube  and  the  strength 
of  the  blast ;  being  lower  in  a  direet  ratio  with  the  greater  length  of 
the  tube,  and  hiizher  the  greatfr  the  force  of  tho  impulse,  for  increase  in 
the  strength  of  the  blast  leads  to  the  formation  of  nodal  points.  If 
the  air,  in  a  tube  closed  at  one  extremity,  bo  thrown  into  undulations,, 
the  deep«'st,  or  fundamental,  note  is  an  octave  lower  than  that  yielded 
by  a  similar  tube  with  an  opi»n  extremity;  in  tho  latter  ease,  a  nodal 
point  is  forme<l  in  the  centre  of  the  column  of  air;  whilst  in  the  former, 
the  nodal  point  is  tho  closed  extremity  of  tho  tube. 

Tho  essential  parts  which  enter  into  the  formation  of  iongved^ 
instruments  are— Hrst,  the  vumi-tufn',  through  which  the  column  of  air 
is  driven  ;  secondly,  the  tovgve,  or  vibr.iting  body,  which  may  be  rigid 
or  membranous;  and,  lastly,  the  attached  tube,  placed  beyond  the 
tongue. 
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The  arrangement  and  position  of  the  tongue  are  such,  that,  when  at 
rest,  but  little  or  no  air  can  pass  through  from  the  wind-tube ;  but  when 
a  ^lumn  of  air  is  driven  through  the  latter,  the  tongue  yields  in  the  direc- 
tion of  the  attached  tube,  and  an  opening  is  thus  establiRhed  for  the  out- 
ward passage  of  the  air-current  The  rapidity  with  which  the  tongue 
at  first  yielded  to  the  impulse  communicated  to  it,  gradually  diminishes, 
because  an  opening  being  now  established  for  the  escape  of  the  air,  it 
is  less  exposed  to  its  action.  The  tongue,  by  virtue  of  its  elasticity, 
now  counteracts  the  force  of  the  impulse,  and  has  a  tendency  to  return 
to  its  original  position ;  in  so  doing,  the  opening  becomes  smaller,  the 
backward  movement  of  the  tongue  momentarily  interrupts  the  escape  of 
the  air-current,  which,  now  acting  with  increased  power,  again  causes 
the  tongue  to  recede:  in  this  manner,  k  scries  of  more  or  less  rapid 
oscillations  is  produced,  which  throw  the  column  of  air  in  the  attached 
tube  into  vibrations.  The  opinion  generally  entertained  is,  that  the  air 
itself  is,  in  tongued  instruments,  the  primary  source  of  the  sound.  It 
is,  however,  maintained  by  some  that  the  sounds  result  from  the  vibra- 
tions of  the  tongue  itself,  and  that  the  impulses  communicated  by  it  to 
the  air,  merely  give  increased  power  to  the  sound  produced  by  its  own 
vibrations. 

The  pitch  of  the  sound,  i.  e.  the  frequency  of  the  vibrations,  of  an 
instrument  with  a  rigid  tongue,  when  unprovided  with  an  attached  tube, 
is  dependent  on  the  elastic  strength  and  the  length  of  the  tongue.  As 
in  the  case  of  elastic  rods,  the  number  of  vibrations  of  rigid  tongues  is 
inversely  as  the  squares  of  their  length ;  thus,  a  tongue  six  inches  long, 
vibrates  four  times  more  rapidly  than  a  tongue,  of  the  same  material 
and  t^^ufil  iiii.ekij*-?':^,  iwi-Svi-  ([kIji-.-  KiiiLr.  Jnti  Un-  pUi,'Jj,  lpV  djf  H^jtuid 
yi  el  lied  by  a  rigid  tongue,  is  modific'd^  wh^n  an  attached  tul>p  or  body  is 
.joined  to  it ;   for  thf*  vibmtious  of  Ihe  tongue  and  thuEi«  of  the  tube. 
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Sondi  aM  mote  ettilv  prodaoed  bj  such  a  double  tongue,  the  narrower 
Um  ehiiik;  the  iiize  of  ttie  latter,  however,  in  no  way  affbcts  the  pitch, 
i^udi  it  determined  by  the  length,  tension,  and  thicknen  or  the 
tODCiiM.  The  pitch  of  the  note  is  heisfatened  by  touching  the  tongnea 
with  a  firm  body,  a  nodal  point  being  then  formed.  If  the  two  tongues 
kaiva  the  same  degree  of  tension,  the  sound  emitted  is  of  a  deeper 
pitdi  than  the  fundamental  note  of  either  tongue.  If  they  are  subject 
to  unequal  tension,  either  one  tongue  alone  is  thrown  into  vibrations ; 
or,  if  both  vibrate  together,  two  different  notes  mav  be  produced ;  or, 
hidy,  if  they  accommodate  their  vibrations  to  eada  other,  one  sound 
abMio  is  emitted.  The  pitch  of  the  notes  produced  by  membranous 
lea,  either  with  or  without  an  attached  tube,  is,  moreover,  hei^t- 
bj  increasing  the  strength  of  the  blast  of  air;  in  this  respect, 
___nbnnoua  tongues  differ  essentiallv  from  rigid  tongues,  in  which  the 
piteh  ia  aomewluit  lowered,  when  the  force  which  throws  them  into 
vibiBtions  is  increased.  The  pitch  of  a  membranous  tongue,  combined 
'With  an  attached  tube,  undeigoes  modifications  closely  resembling  those 
of  a  rigid  tongue  with  an  attached  tube.  Lengthening  of  thd  tube 
eanaea  the  pitch  to  fall  by  semitones,  but  it  does  not  sink  a  whole 
oetave,  as  happens  with  rigid  tongues.  When  a  wind-tube  is  added  to 
a  tongue,  the  effects  produced  on  the  pitch,  by  lengthening  it^  are  simi- 
lar to  those  produced  by  increasing  the  length  of  ihe  attached  tube. 
Diminution  of  the  calibre  of  that  part  of  the  wind-tube  nearest  to  the 
tongue,  htf'ight.ens  the  pitch  of  the  note.  Partial  covering  of  the  end  of 
the  attached  tube,  causes  a  lowering  of  the  pitch. 

The  Production  and  Characters  of  the  Human  Voice. 

The  researches  and  observations  of  phypiologists,  have  long 
since  proved  that  the  sounds  of  tlie  voice  in  man  and  mam- 
malia, are  produced  by  the  vibratory  action  of  the  vocal  cords, 
during  the  j)assage  of  the  air  through  the  glottis ;  and  tliat 
these  cords  vibrate  according  to  tlie  laws  which  regulate  the 
vibration  of  stretched  membranous  tongues.  Experiments  on 
living  animals,  show  that  the  vocal  cords  are  alone  the  essen- 
tial organs  for  the  production  of  voice,  for  so  long  as  tliese 
remain  imtonchcd,  although  all  the  other  parts  in  the  interior 
of  the  larynx  be  destroyed,  the  animal  is  able  to  emit  vocal 
sounds.  Diseases  of  the  larynx,  in  man,  produce  similar 
results.  Again,  if  all  the  structures  of  the  larjTix  of  a  dead 
animal,  except  the  vocal  cords,  be  removed,  and  these  be 
rendered  ten.se  and  apj)roximated,  vocal  sounds  can  be  gene- 
rated by  forcing  currents  of  air  through  the  glottis  from  below. 
If  the  human  larynx  be  removed  from  the  body,  and  currents 
of  air  be  made  to  pass,  from  its  lower  end,  through  the  glottis, 
sounds  are  also  produced.  By  makuig  an  opening  in  the 
larynx  of  a  living  animal,  so  as  to  expose  the  vocal  cords,  the 
ribratioQS  of  these  may  be  distinctly  seen  during  the  emission 
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of  vocal  sounds.  The  existence  of  an  opening  in  the  larynx 
of  a  living  animal,  or  of  man,  above  the  glottis,  in  no  way  pre- 
vents the  formation  of  vocal  sounds;  such  an  opening,  it 
situated  in  the  trachea,  causes  total  loss  of  voice,  buc  by 
simj)ly  closing  it,  vocal  sounds  can  again  be  produced.  Such 
openings,  in  man,  are  met  with,  either  as  the  results  of  acci- 
dents, of  suicidal  attempts,  or  of  operations  performed  on  the 
larynx  or  trachea,  for  the  relief  of  disease.  Division  or  injury 
of  the  laryngeal  nei-ves,  at  once  destroys  voice,  the  muscles 
which  regulate  the  tension  of  the  vocal  cords  being  then  para- 
lysed. Lastly,  by  means  of  the  larjmgeal  mirror,  or  lari/ngo- 
scope  of  M.  Garcia,  the  vocal  cords  can  be  seen  to  vibrate 
during  vocalisation.  The  laryngoscope  consists  essentially,  of 
a  small  flat  metallic  mirror  provided  with  a  long  handle;  being 
introduced  into  the  pharynx,  through  the  open  mouth,  it  is 
made  to  receive  rays  of  light  from  the  sun,  or  from  a  lamp, 
thrown  upon  it  by  means  of  another  large  and  concave  mir- 
ror placed  in  front  of  the  mouth ;  the  small  mirror  is  held 
with  its  surface  at  such  an  angle,  that  the  rays  of  light  are 
thrown  down  from  it,  upon  the  laryngeal  opening,  and  so  illu- 
minate it.  But  the  light  reflected  back  from  the  larynx  on  to 
the  small  mirror,  produces,  on  its  surface,  an  image  of  the  parts, 
which  image  is,  of  course,  again  reflected  towards  the  larger 
mirror,     lu  the  centre  of  the  latt^^r,  is  a  amid  1  aperture^  hfr'lund 
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Am  prodiifition  of  pure  Tocal  sounds,  the  arytenoid  cartikges 
■re  said  to  become  erect,  and  almost  to  touch  each  other;  the 
poaterior  portion  of  the  glottis  between  these  cartilages,  is 
qoicklj  and  completely  dosed,  whilst  the  anterior  two-thirds 
an  open,  so  as  to  leave  a  very  fine  fissure ;  this  last-named 
part  ifl  therefore  named  the  vocal  glottis,  the  hinder  part 
bong  named  the  arytenoid  or  respiratory  glottis.  When  the 
vocal  glottis  is  wider  than  one- tenth  of  an  inch,  no  sound 
ia  producible.  MUller  had  previously  shown,  on  the  dead 
lavynx,  that  the  portion  of  the  glottis  between  the  bases  of  the 
aiytenoid  cartilages,  is,  in  no  way,  connected  with  the  produc- 
tion of  the  voice,  for  vocal  sounds  can  be  heard  both  when  the 
glottis  is  open  in  its  entire  length,  and  also  when  its  posterior 
part  is  closed ;  in  the  former  case,  however,  the  sounds  are 
weak  and  difiicult  of  production,  though  their  pitch  remaina 
unaltered.  Moreover,  he  found  that  if  tiie  anterior  projections 
of  the  aiytenoid  cartilages  be  brought  into  contact,  so  as  to 
leave  an  opening  behind  and  in  fit>nt  of  them,  and  air  be 
passed  through  the  hinder  opening,  no  second  vocal  sound 
could  be  heard. 

The  actions  of  the  muscles,  which,  by  lengthening  or 
shortening,  by  tightening  or  relaxing  the  vocal  cords,  or  by 
drawing  them  together  or  apart,  govern  the  ai)erture  of  the 
glottis,  and  so  aid  in  the  production  of  the  voice,  and  modify 
the  pitch  of  the  notes,  now  require  to  be  briefly  examined. 

The  contraction  of  the  two  crico-thyroid  muscles,  fig.  55, 
a,  6,  right  and  left,  draws  the  thyroid  cartilage,  2,  forwards 
and  somewhat  downwards  upon  the  cricoid  cartilage,  5 ;  or 
supposing  the  thyroid  cartilages  to  be  fixed,  these  muscles 
would  draw  the  cricoid  cartilage  backwards  and  upwards  from 
the  thyroid.  The  arytenoid  cartilages,  6*,  in  both  cases,  on 
account  of  their  connection  with  the  cricoid,  are  thus  sepa- 
rated from  the  recessed  part  of  the  thyroid  cartilage,  and  hence 
the  vocal  cords,  7,  are  both  lengthened  and  rendered  more  tense. 
When  this  happens,  or  suj)posing  that  the  principal  action  of 
the  crico-thyroid  muscles  is  to  maintain  the  thyroid  cartilage 
fixed  in  regard  to  the  cricoid,  the  innermost  bundles  of  the 
posterior  crico- arytenoid  muscles,  fig.  56,  B,  a,  draw  backwards 
the  arytenoid  cartilage,  *,  and,  in  this  manner,  the  length  and 
tension  of  the  vocal  cords,  7,  are  still  further  increased.  When 
the  action  of  the  crico-thyroid  and  posterior  crico-aroytenid 
muscles  ceases,  the  anterior  and  posterior  points  of  attachment 
of  the  vocal  cords  to  the  thyroid  and  arytenoid  cartilages, 
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respectively,  are  drawn  nearer  to  each  other,  bj  the  lateral  crico- 
arytenoid, c,  and  especially  by  the  thyro-arytenoid  muscles,  d ; 
thus  the  cords  are  relcuced,  and  they  become,  by  virtue  of  their 
elasticity,  shorter.  By  some  anatomints,  certain  fibres  of  the 
thyro-arytenoid  muscles,  are  described  as  entering  or  mixing 
with  the  elastic  tissue  of  the  vocal  cords ;  and  these  muscles 
are  believed  by  them,  to  be  able  thus  to  tighten  the  cords, 
even  when  they  become  shortened.  The  lateral  crico-aryte- 
noids  are,  in  that  case,  when  acting  alone,  said  merely  to 
shorten  the  vocal  cords,  without  tightening  them.  These  two 
muscles  may  also  act  together. 

The  narrowing  of  the  glottis  is  effected  by  the  single 
arytenoid  muscle,  fig.  56,  b,  which,  passing  across  the  middle 
line,  draws  the  arytenoid  cartilages,  ♦,  together,  and,  in  this 
manner,  approximates  the  vocal  cords,  or  may  even  com- 
pletely close  the  glottis.  Besides  this,  the  lateral  crico-. 
arytenoid  muscles,  c,  also  narrow  the  glottis ;  for,  by  their 
contraction,  they  draw  forward  the  lateral  processes  of  the 
arytenoid  cartilages,  and  thus  swing  inwards  their  anterior 
processes,  approximate  the  vocal  cords,  and  bring  them  into 
a  state  oi parallelism. 

With  regard  to  the  opening  of  the  glottis,  it  may  be  observed 
that  each  arytenoid  eartiJage  is^  as  we  have  seen^  fig.  5G,  iur^ 
iiished  with  an  anterior  projectioa  for  the  attachment  of  the 
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amlogonB  to  a  wind  inBtrmnent  with  a  double  membranous 
Umgwe^  the  bronchi  and  trachea  representiog  the  mnd-tube, 
Ae  vocal  cords  the  double  membranous  tongue,  and  the  parts 
sAove  lAe  glottis  the  attached  tube.  For  the  production  of 
Tood  sounds,  even  the  feeblest,  more  air  must  pass  through 
die  glottis  than  in  respiration ;  and  this  current  of  air  must  un- 
dergo periodic  interruptions  in  its  passage  through  that  fissure. 
The  Tocal  cords,  moreover,  are  made  more  or  less  tense,  and 
are  approximated,  so  as  to  be  parallel  to  each  other,  and  the 
fisBtae  of  the  glottis  is  converted  into  a  fine  chink-lUce  open- 
ing. The  escape  of  the  air  propelled  upwards  through  the 
Inidiea,  being  thus  retarded,  the  margins  of  the  vocal  cords 
are  forced  upwards,  and  slightly  separated  from  each  other ; 
the  elasticitj  of  the  cords  is  now  called  into  plaj,  so  that  they 
ooimteract  the  force  of  the  impidse  ootnmimicated  to  them, 
and,  bj  a  downward  recoiling  movement,  again  narrow  the 
glottia.  In  this  manner,  the  oscillations  into  which  the  vocal 
oords  are  thrown  bj  the  escape  of  the  air  driven  fix>m  the 
tnushea,  or  wind-tube,  are  communicated  to  the  less  tense  air 
above  the  glottis,  and  throw  tliis  into  vibrations.  By  means  of 
the  laryngeal  ventricles  or  sacs,  placed  above  the  vocal  cords, 
these  latter  are  kept  free,  so  that  their  vibrations  are  easily 
accomplished.  It  has  also  been  supposed  by  some,  that  the 
superior  vocal  cords  maintain  the  strength  and  quality  of  the 
sotmds,  by  entering  into  simultaneous  and  synchronous  vibra- 
tions. This  is  contrary  to  Senor  Garcia^s  observations  with  the 
laryngoscope ;  but  he  found  that,  in  elevation  of  the  pitch  of 
the  voice,  whether  natural  or  falsetto,  the  superior  vocal  cords 
approach  each  other,  so  as  to  narrow  the  part  of  the  vocal 
tube  above  the  glottis. 

The  human  voice,  from  the  lowest  male  to  the  highest  female 
voice,  has  a  range  of  nearly  4  octaves,  the  lowest  note  being 
E*,  caused  by  80  vibrations  per  second,  and  the  highest  C  f 
caused  by  1024  vibrations  in  the  second.  But  if  extreme 
cases  be  included,  the  range  is  nearly  5^  octaves,  the  lowest 
note  being  F  J  caused  by  42  vibrations,  the  highest  A  §  by 
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1708  vibrations  (Vierordt).  In  the  same  individual,  the  com- 
pass of  the  voice,  in  singing,  generally  extends  over  2  octaves ; 
in  some  rare  instances,  however,  it  has  been  known  to  include 
even  S^  octaves.  In  ordinary  speech,  the  range  of  the  voice 
is  usually  about  half  an  octave.  The  production  of  these 
different  notes,  is  effected  by  alterations  in  the  length  and 
tension  of  the  vocal  cords,  and  by  changes  in  the  degree  of 
approximation  and  separation  of  these ;  thus,  during  the  emis- 
sion of  the  low  notes,  the  cords  are  longer,  looser,  and  more 
widely  separated  from  each  other,  than  they  are  during  the 
production  of  notes  of  a  higher  pitch,  and  the  air  passes  through 
the  glottis  more  slowly,  but  in  larger  quantity.  It  has  been 
calculated  that  240  different  states  of  tension  of  the  vocal 
cords  must  be  accurately  producible  at  will,  to  accoimt  for 
all  the  notes,  and  intermediate  tones,  possible  in  a  perfect 
human  voice  of  ordinary  range.  The  celebrated  Madame  Mara 
could  effect  as  many  as  2000  changes. 

There  are  four  different  varieties  of  voice ;  viz.,  the  bass, 
tenor,  contralto,  and  soprano — the  two  former  being  charac- 
teristic of  the  male  sex,  the  two  latter  of  the  female  ;  there 
are  besides,  two  subdivisions  known  as  the  baritone  and  mezzo- 
soprano,  the  baritone  being  intermediate  between  the  tenor 
and  bass,  and  the  mezzo-soprano  intermediate  between  the 
and  alto.     The  lowest  note  of  the  contralto  voic 
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of  the  Tocal  apparatus.  The  difference  in  the  tone,  or  timbre, 
of  the  male  and  female  voice,  is  due  to  the  great  difference  in 
the  walls  of  the  larjrnx  in  the  two  sexes ;  in  the  female,  the 
lazyngeal  cavity  is  not  so  capacious  as  in  the  male,  the  angle 
formed  bj  it  in  front,  is  much  less  acute,  and  the  cartilages 
themselves  are  softer.  The  voice  of  bo^s  is,  like  that  of  women, 
either  soprano  or  alto ;  it  is,  however,  louder,  and  possesses  a 
different  tone.  The  larjnx  presents  no  difference  in  the  two 
■exes,  until  the  period  of  puberty  is  reached ;  in  boys,  this 
organ  then  rapidly  increases  in  size,  the  vocal  cords  become 
longer,  thicker,  and  coarser  in  structure,  and  the  voice,  which 
at  first  is  imperfect,  and  often  hoarse,  at  length  becomes 
tenor,  or  bass,  finally  attaining  that  deep  tone  characteristic 
of  Man. 

The  general  strength  of  the  voice,  is  influenced  by  the 
capacity  of  the  chest,  the  development  of  the  muscles  engaged 
in  Toodisation,  the  extent  to  which  the  vocal  cords  can 
Tibrate,  and  the  power  of  communicating  resonance,  possessed 
by  the  air-passages  and  neighbouring  cavities  and  sinuses. 
When  the  loudness  or  intensity  of  a  vocal  sound  is  increased, 
the  pitch  remaining  unaltered,  the  vocal  cords  imdergo  a  cer- 
tain degree  of  relaxation,  in  order  to  compensate  for  the  in- 
creased strength  of  the  blast,  which  would  otherwise  heighten 
the  pitch ;  this  relaxation  of  tlie  cords  is,  of  course,  projxjr- 
tional  to  the  increased  ibrce  of  the  air-current.  Experiments 
on  the  human  larj^nx,  show  that,  in  this  manner,  one  and  the 
same  note  can  be  obtjiincd  by  a  stronger  tension  and  a  weaker 
blast,  as  by  a  weaker  tension  and  a  stronger  blast ;  these  notes, 
although  of  the  same  pitch,  differ  considerably  in  tone,  being, 
in  the  latter  case,  harsh  and  disagreeable. 

The  vocal  sounds  are  further  modified  by  the  elevation  and 
depression  of  the  larynx ;  for  when  the  voice  is  raised  from  a 
low  to  a  high  pitch,  the  whole  larynx  is  elevated  towards  the 
base  of  the  skull,  drawing  with  it,  at  the  same  time,  the  trachea ; 
but  the  mode  in  which  the  trachea  and  the  attached  vocal 
tube,  or  parts  above  the  glottis,  influence  the  voice,  is  not  yet 
determined.  The  experimentjs  of  MUller  on  the  human  larynx, 
show  that  alterations  in  the  length  of  the  wind  tube  and  of  the 
attached  tube,  have  but  little  or  no  effect  on  the  pitch  of  l^he 
voice;  whereas,  tis  already  stated,  alterations  in  the  length 
of  these  tubes,  modify  very  considerably  the  pitch  of  the  notes 
of  artificial,  rigid,  jind  membranous  tongues.  According  to 
this  physiologist,  the  alteration  in  the  length  of  the  attached 
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vocal  taibe,  produced  by  the  ascent  and  descent  of  the  larynx, 
is  not  more  than  an  inch,  and  does  not  modify  the  height  of 
the  notes,  the  increase  or  diminution  in  the  length  of  the 
tube,  produced  by  the  depression  or  elevation  of  ^e  larynx, 
merely  affording  increased  &cility  for  the  formation  of  the  low 
or  high  notes.  It  is,  however,  maintained  by  some,  that  the 
total  length  of  the  trachea,  with  the  cavities  above  the  glottis, 
is  in  reality  shortened  by  the  ascent  of  the  larynx,  the  trachea 
rising  out  of  the  thorax,  almost  as  much  as  the  larynx  ascends ; 
bub,  considering  that  the  actual  alteration  in  length  is  so 
slight  as  not  to  account  for  the  changes  in  the  pitch  of  voice, 
tliey  are  of  opinion  that  a  diminution  in  the  diameter  of  the 
trachea,  produced  by  the  upward  movement  of  the  larynx, 
together  with  variations  in  the  tension  of  its  walls,  enables  it 
to  accommodate  itself  to  the  different  vocal  tones.  (Wheatstone 
and  Bishop.)  The  trachea  may,  in  being  drawn  upwards,  be 
narrowed  by  about  one- third  of  its  diameter. 

In  the  production  of  the  higher  notes  of  the  voice,  the  thyro- 
arytenoid muscles  take  an  active  part.  As  already  stated,  the 
pitch  of  the  note  of  a  membranous  tongue,  is  heightened, 
when  the  calibre  of  that  part  of  the  wind-tube  nearest  to  the 
tongue  is  lessened.  The  thyro-ary tenoid  muscles,  by  narrow- 
ing the  diameter  of  the  larynx,  just  below  the  vocal  cords, 
influence  tlie  voice  in  a  similar  manner.     It  was  found  by 
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Tbe  imml  tone  can  alio  be  produced,  when  the  external  aper- 
tures of  the  nares  are  open,  whether  the  mouth  be  closed  or 
not;  the  larjnz  is  then  elevated,  the  palatine  arches  undergo 
oontiaction,  the  dorsum  of  the  tongue  ascends  towards  the 
palate,  and  the  air  escapes  between  the  contracted  palatal 
archea,  the  resonance  of  the  nasal  cavities  alone  being  com- 
mmiicated  to  it.  Another  variety  of  voice,  called  the  veiled 
tone,  ia  produced  by  lowering  the  larynx,  so  that  this  is 
oovcared  by  the  entire  pharynx,  whilst  the  base  of  the  tongue 
ia  approximated  to  the  palate,  and  the  voice  resounds  in 
the  upper  part  of  the  phairnx,  beneath  the  skuU.  The  re- 
sonance of  the  voice,  is  also  mfluenced  by  the  relative  capacity 
and  elasticity  of  the  thoracic  walls,  all  parts  of  which,  espe- 
cially, however,  the  stemiun,  act  as  resonant  organs,  as  well 
aa  the  pharynx,  mouth,  nasal  cavities,  and  even  the  cranial 
■JnnHRs  and  bones. 

In  both  sexes,  but  especially  in  the  male,  two  scsries  of  notes, 
differing  both  in  pitch  and  quality,  can  be  produced,  viz.  the 
notes  of  the  natural  voice,  called  the  chest  or  true  notes,  and 
the  head  or  falsetto  notes.  The  former  are  fuller,  stronger, 
and  more  resonant ;  the  falsetto  notes,  on  the  other  hand,  are 
softer,  less  clear,  have  somewhat  of  a  humming  sound,  and  re  - 
semblc  slightly  the  harmonic  notes  of  strings.  The  lower 
notes  of  the  voice,  are  chest  notes ;  the  higher  notes  are  falsetto ; 
the  middle  notes  of  the  scale  can  be  produced  alike  by  the 
chest  or  head  voice.  The  transition  from  the  chest  to  the 
head  notes,  takes  place,  in  some  voices,  imperceptibly;  in 
others,  the  change  is  well  marked. 

Various  tlieories  have  been  put  forward  to  explain  the 
manner  in  which  the  falsetto  voice  is  produced.  By  Muller, 
the  real  cause  of  the  diiference  between  the  chest  and  falsetto 
notes,  was  thought  to  be  that,  for  the  production  of  the  former, 
the  whole  breadth  of  the  vocal  cords  vibrated  ;  whereas,  for 
that  of  the  latter,  only  their  thin  inner  margins,  or  borders,  are 
thrown  into  action.  Another  theory  was,  that  the  falsetto 
notes  are  produced,  whilst  the  glottis  is  partially  closed,  by 
the  vibrations  of  only  one-half  of  the  length  of  the  vocal  cords. 
(Mayo  and  Magendie.)  The  falsetto  notes  have  also  been 
supposed  to  be  produced  by  the  vibration  of  the  cords  in 
s^ments,  separated  by  nodal  points,  so  that  harmonics  of 
the  fundamental  notes  are  formed.  (G.  Weber.)  It  has 
been  thought  by  some,  that  the  vocal  cords  do  not  take 
any  part   in   the   formation   of  the  falsetto  notes,  but  that 
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these  are  produced  by  the  vibration  of  the  air  itself,  in  its  pas- 
sage through  the  glottis,  acting  like  the  blow  hole  of  a  flute. 
(Petrequin  and  Diday.)  Lastly,  it  has  been  suggested  that 
the  falsetto  notes  may  be  formed  by  the  division,  into  har- 
monic lengths,  of  the  column  (tf  air  in  the  trachea,  which  thus 
reciprocates  the  tone  produced  by  the  vocal  cords ;  for,  be- 
sides vibrating  by  reciprocation  with  a  sounding  body,  the 
vibrations  of  which  are  isochronous  with  its  own,  a  column 
of  air  may  also  vibrate  by  reciprocation,  the  number  of  its 
vibrations  then  forming  a  multiple  of  those  of  the  sounding 
body.  (Wheatstone.)  But  these  more  or  less  theoretical 
views  are  set  aside  by  the  direct  observations  of  Garcia,  who 
states  that,  during  the  production  of  the  &lsetto  notes,  the 
glottis  is  longer  and  wider,  and  that  the  edges  only  of  the 
vocal  cords  arc  approximated,  and  offer  little  resistance  to  the 
air,  whilst,  in  the  natural  voice,  a  certain  depth  of  the  surface 
of  each  cord  is  made  to  approach  the  other  and  to  undergo 
vibrations;  moreover,  the  cords  vibrate  more  actively,  the 
escape  of  air  is  more  rapid,  the  notes  cannot  be  so  long  sus- 
tained, and,  lastly,  the  force  of  the  air  is  weaker. 

In  old  agCj  the  muscular  and  nervous  power  are  diminished, 
the  structural  elements  of  the  larynx  undergo  degeneration,  its 
cartilages  become  ossified,  and  other  changes  take  place,  which 
impair  the  strength  of  the  voice,  cauaiiig  it  to  lose  its  tone^  and 
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Its  senflibilily,  and  that  of  the  parts  immediatelj  above  it,  is 
exceedingly  delicate,  so  that  it  is  admirably  adapted  for  tliis 
purpose.  The  moment  any  solid,  fluid,  vaporous,  or  gaseous 
noxious  substance  comes  in  contact  with  the  upper  opening  of 
tibe  larynx,  sudden  and  spasmodic  closure  of  the  glottis  imme- 
diately takes  place ;  sometimes  coughing  ensues,  and  thus  the 
body  is  expelled  from  the  air-passages.  The  closure  of  the 
glottis  is  due  principally  to  spasm  of  the  arytenoid  muscles ; 
probably,  however,  other  muscles  are  also  concerned  in  it. 

The  muscles  of  the  larynx,  are  placed  imder  voluntary^ 
emoHonalj  ideational^  sensari-motar,  and  excito-motorj  or  so- 
called  reJUx,  control,  by  means  of  the  superior  and  inferior 
laxyngeal  nerves,  branches  of  the  pneumogastric,  and  of  the 
motor  fibres  given  to  the  pneumogastric  by  the  spinal  ac- 
oesBory  nerves.  The  functions  of  the  larjmgeal  branches  of 
these  nerves,  have  been  determined  by  numerous  experiments 
on  animals.  The  superior  laryngeal  nerve  is  the  so-called 
afierent  nerve  of  the  larynx,  supplying  fibres  to  the  highly 
aenutive  mucous  membrane  lining  the  air-passages  in  this 
situation ;  it  contains,  moreover,  a  few  motor  fibres  for  the 
supply  of  the  crico-thyroid  muscle,  and  in  part  also  of  the  ary- 
tenoid. The  inferior  laryngeal  nerve  is  the  efferent  or  motor 
nerve  of  all  the  other  muscles.  Division  of  the  inferior 
laryngeal  ner\'e,  is  immediately  followed  by  paralysis  of  all  the 
muscles  of  the  larynx,  except  the  crico-thyroid ;  the  sensi- 
bility of  tlie  mucous  membrane  of  the  glottis,  however, 
remains  unimpaired  ;  division  of  the  superior  laryngeal  nerve 
causes  a  total  loss  of  sensibility  of  the  mucous  membrane, 
whilst  the  movements  of  the  p^lottis  are  unaffected.  The 
application  of  a  stimulus  to  the  inferior  laryngeal  nerve,  causes 
contraction  of  all  the  muscles,  except  the  crico-thyroid,  this 
muscle  alone  undergoing  contraction  when  the  superior 
laryngeal  nerve  is  irritated.  When  the  pneumogastric,  or 
its  inferior  lajyngeal  branch,  is  divided,  the  laryngeal  muscles 
being  paralysed,  the  arytenoid  cartilages  are  no  longer  under 
muscular  control,  but,  yielding  to  the  current  of  air,  cause  me  • 
chaniciil  closure  of  the  glottis,  so  that  the  animal  dies  asphyxi- 
ated, unless  an  opening  be  made  in  the  trachea.  Experi- 
ments on  the  spinal  accessory  nerve,  show  that  it  also  has  a 
certain  control  over  the  muscles  of  the  larynx. 

The  simple  reflex  closure  of  the  glottis,  takes  place  in  the 
case  of  sudden  immersion  in  a  noxious  gas,  when  unaccom- 
panied by  sensation.   The  alternate  opening  and  closing  of  the 
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larynx,  in  the  act  of  coughing  np  an  irritating  body,  are 
sensori-motor  movements,  being  associated  with  sensation. 
The  momentary  closure  of  the  glottis,  when  under  the  in- 
fluence of  emotion  or  ideas,  as  in  sobbing  or  laughter,  affords 
examples  of  emotional  or  ideational  reflex  movements.  Lastly, 
the  larynx  is  under  the  control  of  the  will,  as  when  the  glottis 
is  closed  by  effort,  or  is  variously  moved  in  voluntary  coughing, 
or  in  the  production  of  the  voice  and  speech. 

SPEECH. 

Speech,  or  the  utterance  of  articulate  sounds^  is  a  modifi- 
cation of  the  sounds  generated  in  the  larynx,  in  their  outward 
passage  through  the  cavities  of  the  nose  and  mouth.  Though 
commonly  associated  with  the  production  of  voice,  yet  it  does 
not  necessarily  depend  on  it ;  for  in  whispering,  for  example, 
words  are  articulated  simply  by  the  action  of  the  mouth 
and  fauces ;  no  vocal  tones  are  produced,  there  being  a  total 
absende  of  laryngeal  vibrations,  or  vocalisation,  in  the  act. 
In  whispering,  the  pitch  of  the  sound  varies  in  different 
cases,  according  to  ^e  natural  pitch  of  the  cavity  of  the 
mouth  in  each  person.  Sighing  is  another  example  of  the 
production  of  sounds  by  the  parts  seated  above  the  larynx, 
totally  Indtfjiondiiit  of  any  actitui  of  tliia  organ;  for  when  the 
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modified  by  furdier  changes  in  the  shape  and  form  of  the 
mouth. 

Consonants,  or  shut  sounds,  are  entirelj  formed  in  the  parts 
above  the  larynx,  and  are  so  named,  because  most,  if  not  all, 
of  them,  can  only  be  sounded  consonantly ,  that  is,  with  another 
aoimd  or  voweL  They  require,  for  their  production,  a  shutting 
or  yalve-like  action  to  take  place,  either  between  the  lips,  as 
in  pronouncing  the  letters  6,  p,  and  m ;  or  between  the  upper 
teeth  and  lower  lip,  as  in  the  case  of  /and  t; ;  or  between  the 
tongue  and  the  palate,  aa  d,  g  hard,  c  hard,  k,  q^t^r,  I,  and  a  ; 
or  between  the  tongue  and  teeth,  as  in  the  production  of 
hissing  soimds,  such  as  c  soil,  or  s,  and  z.  The  compound 
articulate  sounds,  as  j,  or  g  soft,  ch  soft,  ch  guttural,  ph^  sk^ 
th,  ng,  and  x,  are  produced  by  modifications,  or  combinations^ 
of  some  of  the  other  pure  consonant  soimds.  The  aspirate  A 
ifl  produced  by  an  increased  expiratory  efibrt,  made  with  the 
moudi  open,  before  a  vowel  or  other  sound. 

Those  consonants  which  are  produced  by,  or  connected  wiih, 
a  8udden  stoppage  of  the  breath  at  a  certain  point,  the  open- 
ing leading  from  the  pharynx  to  the  nose  being  quite  closed, 
and  all  the  respired  air  passing  through  the  mouth,  are  called 
explosive  consoDants.  They  are  of  two  kinds;  the  simple 
explosive  consonants  h,  dy  and  g  hard ;  and  the  aspirate  ex- 
plosives, /},  t,  k ;  these,  when  uttered,  are  unaccompanied  by  a 
vocal  soimd,  that  is,  they  are  not  attended  with  intonation  of 
the  voice.  Those  consonants  which  can  be  pronounced  with- 
out a  complete  stoppage  of  the  breath  previous  to  their  utter- 
ance, are  called  continuotis ;  some  of  these  sounds  are  developed 
by  the  passage  of  the  air,  with  a  degree  of  friction,  through  the 
mouth ;  in  this  way,  the  consonants  y,  /, «,  and  z,  are  produced ; 
others  are  produced  by  expiration  through  the  nose  only,  as, 
ng,  m,  and  n.  In  uttering  the  letters  I  and  r,  the  air  escapes 
through  the  nose  and  mouth ;  in  pronouncing  the  first  of  these, 
the  air  escapes  at  the  sides  of  tlie  tongue ;  in  pronouncing  the 
second,  the  tongue  undergoes  a  vibratory  movement.  All  the 
continuous  consonants  can  be  pronounced  with  a  vocal  soimd, 
except  the  aspirate  h  ;  and  some  of  them  can  be  pronounced, 
cither  with,  or  without,  vocal  intonation.  Consonants  have 
also  been  named,  according  to  the  seat  of  their  production ; 
thus  p  is  called  a  labial,  t,  a  palatal,  n,  a  nasal,  and  the  Gaelic 
ch  a  guttural  consonant ;  but  this  classification  is  exceedingly 
artificial  and  incorrect ;  for  the  greater  niunber  of  articulate 
sounds  are  the  result  of  the  conjoined  action  of  the  mouth, 
lips,  palate,  and  upper  part  of  the  air  passage. 
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Many  sounds  can  be  generated  in  the  mouth,  or  throat, 
totally  independent  of  any  laryngeal  action  ;  thus,  the  smack- 
ing (»r  clicking  sounds,  which  occur  in  some  of  the  African 
languages,  are  produced  merely  by  separating  the  tongue 
sharply,  irom  the  hard  or  soft  palate ;  in  the  emission  of  such 
sounds,  neither  breath  nor  voice  is  requisite.  Many  other 
^miliar  soimds,  such  as  kissing,  and  smacking  the  lips  as  an 
expression  of  relish,  are  of  a  similar  character.  Whistling, 
also,  is  wholly  unconnected  with  the  voice,  being  a  true 
mouth  sound,  dependent  only  on  breath,  and  resulting  from 
the  vibration  produced  by  the  friction  of  the  air  against  the 
margins  of  the  opening.  In  laughing,  on  the  contrary,  the 
sounds  given  forth,  are  true  vocal  tones  convulsively  re- 
peated. 

Imperfections  of  speech,  such  as  lisping,  stammering,  or 
stuttering,  are  due  to  errors  in  the  action  of  the  organs  of 
speech.  Stammering  is  almost  always  caused  by  some  irre- 
gular action  of  the  nervous  centres,  and  is  chiefly  produced 
by  temporary  spasm  of  the  glottis,  associated  with  embarrass- 
ment in  other  parts  concerned  in  articulation.  It  may  ori- 
ginate in  nervousness,  or  fright,  and  sometimes  in  imitation  or 
affectation.  By  patient  and  persevering  practice,  founded  on 
an  accurate  perception  of  the  erroneous  movements,  and  their 
correct  substihitoSj  or  by  the  recovery  of  self- confidence,  thea© 


THE  YOICE  OF  ANIMAIS.  S69 

•onnd  of  the  roice  peculiar  to  yentriloquism,  may  be  imitated, 
after  taking  a  deep  inspiration,  so  as  to  cause  the  protrusion  of 
the  abdominal  viscera  by  the  descent  of  the  diaphragm,  and 
maintaining  this  muscle  in  its  depressed  condition,  by  speak- 
ing during  a  very  slow  expiration,  performed  only  by  the 
lateral  parietes  of  the  chest,  through  an  exceeding  narrow 
glottis.  Many  attempts  have  been  made  by  Faber,  Kempelen, 
and  others,  to  construct  speaking  automata,  but  with  very 
partial  success,  the  separate  sounds  being  imitated,  but  not 
the  mode  of  combination  necessary  for  the  production  of 
Speech. 

Voice  in  Animah, 

The  oivan  of  voice  in  the  different  orders  of  MsTninalis,  prfMott 
variouf  £grees  of  deyelopment,  being,  in  some,  highly  complex  in 
stmctoKS  in  others  more  simple  in  form ;  but  in  all,  presenting  a  genenl 
anatomical  and  phyBiological  resemblance  to  the  yoou  apparatus  &  Man. 
Among  the  so-called  Quadrumana,  some  are  provided  with  large  saet,  ' 
ntnated  between  the  thyroid  cartilage  and  hyoid  bone ;  these  exercise 
a  considerable  influence  in  modifying  and  increasing  the  resonance  d^ 
the  voice.  The  acute  tone  and  hoarse  quality  of  the  cry  in  some  of  the 
monkeys  of  the  old  continent,  are  due  to  the  presence  of  laryngeal  sacs. 
The  intensity  of  the  voice,  in  some  species  of  American  monkeys,  the 
howlers,  is  very  great ;  this  is  dependent  both  on  the  size  of  the  epi- 
glottis, and  on  the  existence  of  cavities  of  considerable  magnitude  in  the 
thyroid  cartilage  and  hyoid  bone,  which,  communicating  with  the  ven- 
tricles of  the  larynx,  and  with  other  cavities  above  them,  called  the 
laryngo-phar^'ngeal  sacs,  cause  a  remarkable  increase  in  the  resonance 
of  the  lar}'ngeul  apparatus.  The  bray  of  the  ass  probably  depends, 
in  great  part,  on  tho  presence  of  two  large  sacs  situated  between  the 
vocal  cords  and  the  inner  surface  of  the  thyroid  cartilage.  Amone 
the  Marsupials,  some,  as,  e.g.,  the  kangaroo,  possess  membranous  vocid 
cords  which  fold  upon  themselves ;  the  arytenoid  muscles  cannot  there- 
fore stretch  them.  A  few  Mammalia  are  unprovided  with  vocal  cords, 
and  are  therefore  mute,  as  for  example,  the  giraffe,  armadillo,  and  por^ 
cupine.  The  vocal  ligaments  are  also  absent  in  the  Cetacea;  some  of 
these  are  able  to  utter  a  lowing  or  bellowing  sound ;  this  is  produced 
during  the  act  of  expiration,  when,  the  mouth  being  closed,  they  expel 
the  water,  with  which  that  cavity  has  become  filled  in  the  act  of  feeding, 
through  the  nasal  opening,  or  openings,  in  tlie  upper  part  of  the  head : 
the  noise  produced  in  this  act,  cannot  be  regarded  as  a  vocal  sound. 
The  voice  of  Mammalia  is  always  in  a  minor  key. 

The  vocal  apparatus  in  Birds,  differs  altogether  from  that  of  Mam- 
malia, both  as  regards  its  anatomical  structure,  and  the  manner  in 
which  sounds  are  produced  by  it.  Birds  are  provided  with  a  larynx 
corresponding  in  situation  to  that  of  Mammalia,  presenting,  however, 
a  marked  contrast  in  many  parts  of  its  structure ;  and  being,  more- 
over, totally  unconnected  with  the  production  of  sound.  This  part 
of  the  respiratory  apparatus  is  called  the  superior  larynx.    The  true 
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organ  of  voice,  the  inferior  lart/nx,  is  situated  at  tbe  lower  end  of 
the  trachea,  immediately  before  it  bifurcates  to  form  the  two  bronchi. 
It  presents  various  modifications,  both  in  form  and  structure,  in  the 
different  Orders  of  birds;  in  some,  it  forms  an  exceedingly  delicate 
and  complicated  apparatus;  it  is  a  double  oi^n,  except  in  the 
parrot  and  a  few  other  birds,  and  is  almost  always  symmetrical.  It  is 
composed  of  several  of  the  lower  rings  of  the  trachea,  united  together, 
so  as  to  form  a  tube,  which  presents,  at  its  lower  extremity,  two  pro- 
jections, an  anterior  and  a  posterior  one;  passing  between  these,  in 
most  birds,  is  a  slender  rod  of  bone,  called  the  os  transveratde^  which 
serves  to  connect  them  together ;  this  part  of  the  trachea  opens  below 
by  two  oval  apertures,  into  the  right  and  left  bronchi.  The  upper 
margin  of  the  bony  rod  gives  attachment  to  a  fine  delicate  membrane, 
the  membrana  semilunaris,  which  is  directed  upwards ;  connected  with  its 
lower  margin  is  another  membrane,  called  the  membrana  tympaniformiSt 
which  is,  in  reality,  formed  by  that  part  of  the  wall  of  the  bronchus 
which  is  made  up  simply  of  membrane ;  for  the  bronchi,  in  Birds,  are 
not  formed  of  complete  rings  of  bone  emd  cartilage,  joined  by  membrane, 
like  the  windpipe,  but  are  only  partially  strengthened  by  bony 
or  cartilaginous  pieces,  so  that  their  adjacent  or  opposed  paiietes  are 
membranous ;  and  it  is  these  parietes  that  form  the  tympaniform  mem- 
brane. In  some  birds,  this  membrane  is  very  small  and  rudimentary ; 
it  is  highly  developed  in  singing  birds,  and  still  more  so,  in  speaking 
birds ;  it  is  continuous  with  the  membrana  semilunaris,  and  can  there- 
fore, when  thrown  into  vibrations,  render  the  latter  tense.  The  inferior 
larynx  is  provided  with  special  muscles,  in  the  more  perfect  forms,  with 
five  pairs  of  muscles,  the  office  of  which  is  to  regulate  the  distance  be- 
tween the  vocmI  membrani"Sf  and  to  alter  their  t^^odiin  by  elevating  tlie 
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Ufdi»  prondad  with  m  more  highlj-dereloped  inferior  Urpax,  are  mble 
to  ptoaace,  are  due  to  aonorous  vibntions  in  a  oolnmn  of  sir,  ezdted  bj 
frielicm  againat  the  margins  of  the  aperture  of  the  inferior  hurjmz,  in 
tiia  same  manner  as  the  souDd  in  whistling  is  produced  by  the  friction 
of  the  air  against  the  margins  of  the  lipe;  but  even  admitting  this 
to  be  tme,  the  yibradons  of  the  air  must,  in  their  turn,  oommunieate 
TibtaftioDS  to  the  Yocal  membranes.  The  range  of  the  Toice  in  Biids  is 
iMually  within  an  octave,  but  in  some  it  is  much  oreater.  As  in  Mam- 
Bftlia,  the  voice  is  always  in  a  minor  key.  The  various  notes  are 
pvodnoed,  not  only  by  changes  in  the  degree  of  tension  of  the  vocal 
membranes,  but  by  differences  in  the  force  of  the  blast  uf  air,  and  by 
diangea  in  the  length  and  degree  of  tension  of  the  trachea,  or  of  other 
waoanding  parts. 

The  tracnea  presents  various  modifications  in  different  birds.  lot 
iome,  it  is  much  longer  tluin  the  neck,  forming  a  folded  tube,  which 
eonvsta  of  a  vast  number  of  rings,  as  in  the  capercailzie,  stork,  crane, 
and  wild  swan  ;  in  the  flamingo,  these  rings  are  said  to  be  about  360  in 
Bvmber.  In  some  birds,  the  trachea  is  wider  above  than  below,  and  in 
otfansy  it  is  dilated  at  various  points. 

In  R«>tiles,  the  vocal  organs  are  of  a  more  simple  character  than  in 
Ifammalw  and  Birds,  though  they  present  many  difl^rent  degrees  of 
darelopment  in  the  various  Orders  and  Genera.  The  vocal  covds  are 
•bseat  in  the  true  Serpents,  which  therefore  possess  no  voice,  properly 
so-called ;  the  hissing  sounds  produced  by  them,  result  from  a  forcible 
breathing  tlirough  a  soft  glottis.  In  frogs,  amongst  the  Amphibia,  the 
larynx  opens  directly  into  the  bronchi,  these  animals  being  improvided 
with  a  trachea ;  the  intensity  of  the  sounds  emitted  by  the  male  frog, 
is  much  increased  by  the  presonce  of "  membranous  sacs  at  the  sides 
of  the  neck,  which  undergo  considerable  distension  during  croaking. 
Some  frogs  possess  membranous  vocal  cords.  In  others,  the  organs 
which  emit  sound,  consist  of  two  solid  rod-like  bodies,  the  anterior  ends 
of  which  are  fixed,  whilst  the  posterior  extremities  are  free,  and  are 
directed  towards  the  orifice  of  the  bronchus  on  either  side. 

Fish,  when  taken  out  of  water,  make  a  peculiar  noise ;  this  is  caused 
by  the  sucking  or  flapping  movements  of  their  mouths  or  gill-coverings. 
A  few  fish,  provided  with  an  air- bladder  opening  into  the  pharynx,  pro- 
bably produce  sounds  by  the  compression  of  this  organ.  The  tambour 
fish  produces  continued  sounds  when  un«ler  water;  its  air-bladder  is  of 
Urge  size,  and  is  exceedingly  mu.scular. 

A  certain  number  of  Insects  can  produce  sounds.  In  some,  as 
for  example,  the  Coleoptera  or  beetle  tribe,  the  blue-bottle  fiies,  and 
humble-bees,  the  sounds  are  said  to  result  from  the  passage  of  air 
through  their  spiracles,  constituting  what  is  termed  humming  or  purring. 
In  others,  such  as  the  crickets  and  grasshoppers,  the  sounds  are  caused 
by  the  friction  of  file-like  organs,  upon  the  margin  of  membranous  drums, 
which  are  formed  upon  the  wings,  and  the  sound  is  called  stridulatum. 
The  pitch  of  the  sound  of  the  cricket  is  very  high,  being  produced  by 
4,096  vibrations  in  a  second.  The  noises  in  certain  species,  are  depen- 
dent on  the  rapid  movements  of  folded  membranes,  called  the  timbalea, 
which  are  enclosed,  one  on  each  side,  in  a  cavity  on  the  under  part  of 
the  abdomen,  and  which  are  moved  by  the  contraction  and  relaxation  of 
special  bands  of  parallel  muscular  fibres.    It  was  long  since  shown  that 
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in  the  Dipterous  Inseete,  such  as  the  flies  and  gnats,  which  have  only 
two  wings,  the  buzzing  sound  is  totally  independent  of  the  action  of  the 
wings  in  flight,  for  these  may  be  cut  oif,  and  yet  the  sounds  are  still 
heaiil ;  they  are  produced  by  the  rapid  vibration  of  two  lateral  appen- 
dages named  hdteres,  which  are  rudimentary  posterior  wings.  The 
noise  emitted  by  the  sphinx,  or  death's  head  moth,  sometimes  charac- 
terised as  a  shriek,  is  also  produced  by  the  friction  of  parts  connected 
with  the  mouth  and  proboscis. 

The  remaining  and  lower  members  of  the  animal  kingdom,  being 
mostly  aquatic,  have  no  vocal  or  even  other  special  sonorous  apparatus. 


SENSATION.     THE  REGULATION  OF  MOVEMENT. 
THE  PSYCHICAL  FUNCTIONS. 

NERVOUS   EXCITABILITY.      CONDUCTILITT.      SENSIBILITT. 

The  vital  property  of  senstbilitf/y  which  belongs  to  the  nervous 
tissues,  consists  in  the  power  of  being  so  excited  by  various 
external  or  internal  stimuli,  as  to  produce  the  phenomena  of 
sensation.  But  this  definition  does  not  express  the  whole  of 
the  vital  properties  of  the  nerve  tissues ;  nor  does  it  accu- 
rately define  those  which  are  concerned  in  the  sensory  pheno- 
mena alone.  For  example :  stimuli  applied  to  the  nerves, 
may  not  only  excite  sensation^  but  may  also  induce  contrac- 
tion s^,  or  moiiOTi,  Ui  t\w  iiitiscles,  accompljsliiti«T  tliis,  either  by 
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some  chemical  substances,  produce  efiects  without  any  recog- 
niaahle  change  in  the  nervous  substance ;  such  are  the  ozygen 
of  the  blood,  sapid  and  odorous  particles,  and  certain  products 
of  the  nutrition  or  waste  of  the  tissues,  as  well  as  many  medi- 
oinal  and  poisonous  substances.  Electrical  stimuli,  whether 
galranic,  magnetic,  or  frictional,  and  even  the  electrical  cur- 
reata  existing  in  animal  tissues,  likewise  excite  the  nerves. 
But  nerve  is  distinguished  from  muscle,  by  being  excitable 
through  certain  stimuli  called  vital,  originating  in  its  own 
sabsttmce,  or  acting  upon  it  from  without,  such  as  the  reflex 
and  mental  stimuli,  which  cannot  call  muscular  contractions 
into  plaj  directly,  i.  e.  without  the  intervention  of  nervous 
■obstance.  The  excitability  of  particular  nerves  is  also  aroused^ 
in  peculiar  ways,  in  the  exercise  of  the  special  senses,  as,  for 
'ojumple,  taste  and  smell  by  chemical  action,  hearing  by  vibra- 
tions in  a  surroimding  medium,  and  sight  by  the  imdulations 
which  cause  the  sensation  of  light.  P^chical  stimuli  also 
excite  the  nerves :  whether  these  are  ideational,  emotional, 
or  volitional,  they  proceed  from  the  brain,  being  themselves 
sometimes  induced  by  external  causes,  and  sometimes  origi- 
nating primarily  in  the  gi*eat  nervous  centres,  from  the  opera- 
tions of  the  instinct,  the  memory,  the  reason,  or  the  will. 

When  a  stimulus  of  any  kind,  whether  mechanical,  chemi- 
cal, electrical,  or  vital,  acts  upon  the  living  nervous  sub- 
stance, be  it  composed  of  nerve  fibres,  or  of  nerve  cells.  It 
produces  an  imprension  on  that  nerve  substance,  and  excites 
within  it  some  particular  change ;  and  the  property,  by  virtue 
of  which  this  takes  place  in  the  nerve  substance,  whether 
composed  of  fibre  or  cell,  has  been  called  its  excitability  or 
neurility.  But  the  nerve  substance,  whether  vesicular  or 
fibrous,  not  only  receives  such  an  impression  from  a  stimulus, 
and  is  excited  to  such  a  change,  but  it  possesses  the  property 
of  conducting  that  impression,  or  the  change  produced  by  it, 
in  certain  definite  directions;  and  this  property  might  be 
spoken  of  as  conductility.  ^Vhen  such  an  impression,  or  ex- 
cited change,  is  thus  conducted,  or  propagated,  simply  along  a 
nerve-fibre,  or  through  a  nerve-cell  on  to  a  nerve-fibre,  and 
thence  to  a  muscle,  it  induces  or  excites,  as  we  have  seen, 
the  contraction  of  that  muscle,  and  so  exercises  what  is  called 
a  motor  function;  but  when  such  impression,  or  change,  is 
excited  in,  or  propagated,  along  a  nerve-fibre  simply,  or  through 
nerve-cells  also,  up  to  the  common  sensorium  of  the  body,  it 
then  exercises  a  sensory  function,  and  ends  in  the  production 

T 


274 


SPECIAL  PHT8I0L0GT. 


of  a  sensation.  The  anatomical  seat  of  such  sensation,  so  far 
as  we  are  at  present  able  to  trace  it,  is  exchisiyelj  in  the 
nerve-cells,  which  therefore  may  be  said  to  possess  a  peculiar 
kind  of  receptivity.  Hence,  though  both  the  nerve- fibre  and 
the  nerve-cell  are  excitable,  and  may  be  said  to  possess  ex- 
citability, and  though  both  can  also  conduct  or  propagate 
onwards,  changes  excited  in  them  by  stimuli,  and  therefore 
possess  conductility,  yet  only  the  nerve-cells,  so  far  as  we 
know,  possess  receptivity,  or  true  sensibility,  or,  as  already 
said,  can  become  the  anatomical  seats  of  sensation. 

It  must  therefore  be  understood,  that  the  term  excitability, 
employed  in  a  general  sense,  includes  simple  excitability,  con- 
ductility,  and  sensibility  properly  so  called.  Furthermore, 
the  nerve-fibre  is  wholly  incapable  of  being  acted  upon 
directly,  by  mental  stimuli,  whether  these  be  ideational,  emo- 
tional, or  volitional ;  for  the  reaction  of  these  mental  states 
upon  the  nervous  system,  takes  place  exclusively  upon,  or 
within,  the  grey  matter  of  the  nervous  centres,  and  therefore,  - 
it  is  fair  to  presume,  upon  or  in  the  nerve-cells,  of  which  that 
grey  matter  is  principally  composed.  Hence,  these  nerve- 
cells  appear  to  possess,  beyond  the  simple  excitability  to 
general  stimuli,  conductility,  and  the  peculiar  receptivity, 
which  is  essential  to  sensation^  a  special  or  fn<ire  exalteil  kind 
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at.  When  exhausted  in  regard  to  weaker  stimuli,  it  may  still 
be  called  into  play  by  more  powerful,  or  by  other  kinds  of 
Ktimuli ;  a  succession  of  different  stimuli  is  not  so  exhaustire 
as  the  continuance  of  the  same  stimulus. 

The  sudden  application  of 'any  stimulus,  is  one  condition  of 
its  action ;  for  the  mechanical  stimulus  of  pressure  gradually 
applied  to  a  motor  nerve,  and  increased  in  intensity,  produces 
no  convulsions,  even  if  the  nerve  be  ultimately  destroyed. 
Sudden  mechanical  shocks  alone  produce  muscular  contrac- 
tions. Again,  a  ligature  slowly  tightened  around  a  sensory 
nerve,  causps  merely  a  numbness,  and  at  length  total  insen- 
nbility ;  whereas,  if  it  be  suddenly  tied,  Intense  pain  is  pro- 
duced. The  electrical  current  has  been  supposed  to  act,  by 
causing  mere  mechanical  disturbance  in  the  particles  of  the 
nerve-fibres;  but  this  view  is  inconsistent  with  the  known 
changes  in  the  electrical  state  of  nerves,  when  acted  upon  by 
galvanic  currents,  or  by  mechanical,  or  other,  stimuli. 

The  action  of  particular  stimuli  deserves  notice.  Thus, 
the  influence  of  chemical  stimuli  upon  nerves  is  slow,  pro- 
bably on  account  of  the  resistance  offered  by  the  neurilemma 
or  sheath ;  they  are  said  to  act  more  readily  on  sensory  than 
on  motor  fibres,  the  former  of  which  are,  moreover,  acted 
upon  by  a  greater  variety  of  chemical  stimuli.  Strong  solutions 
of  ammonia,  and  alcohol,  powerfully  stimulate  the  motor  nerves; 
80  also  do  solutions  of  nitrate  of  potash  and  hydrochloric 
acid,  and  even  very  weak  solutions  of  soda  or  potash.  Certain 
powerful  agents,  such  as  bisulphide  of  carbon  and  strong 
mineral  acids,  destroy  the  nerve  so  quickly  that  no  convulsions 
ensue.  On  injecting  water  into  the  vessels  of  a  muscle, 
strong  contractions  take  place,  due,  it  is  supposed,  to  the  effect 
of  the  fluid  on  the  fine  terminations  of  the  nerves  (Schiflf)  ;  but 
if  water  be  applied  to  the  trunks  of  the  nerves,  no  move- 
ments occtu'.  The  gradual  abstraction  of  water  firom  a  nerve, 
is  not  followed  by  muscular  contractions;  but  if  rapidly  effected, 
tetanic  spasms  are  produced.  Certain  poisons  are  found  to 
lessen  or  destroy  the  nervous  excitability,  acting  more  or 
less  suddenly,  in  different  cases.  Some  of  these,  as  narcotics, 
for  example,  if  applied  locally  to  a  nerve,  will  deaden  its 
excitability  at  the  point  of  application  only ;  but,  if  intro- 
duced into  the  blood,  they  operate  generally.  The  nerves  are 
never  the  channels  by  which  poisons  are  conducted  into  the 
system.  However  the  sensory  nerves  are  affected  by  heat  or 
cold,  it  is  only  changes  of  temperature  that  are  recognised  by 
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the  seDSorium,  as  thermal  effects;  but  extreme  heat  or  cold 
produces  pain.  In  the  frog,  the  motor  nerves  are  so  affected  by 
a  temperature  of  130°  Fahr.  as  to  produce  conyulsions,  but  these 
soon  pass  off,  through  a  loss  of  excitability,  which,  however, 
reappears  on  cooling  of  the  nerve.  In  the  other  direction, 
convulsions  are  caused  by  exposure  of  the  nerve  to  a  tempe- 
rature of  25°  Fahr.  These  movements  are  more  sure  to  oc- 
cur when  the  alterations  of  temperature  are  rapid  (Eckhard). 
The  nervous  excitability  in  the  frog,  is  said  to  be  exalted  by 
temperatures  as  high  as  113°,  but  a  still  higher  temperature 
diminishes  or  destroys  it.  A  heat  of  158°  is  followed  by 
complete  loss  of  nervous  power ;  though,  by  a  cooling  down 
to  122°,  it  is  possible  to  restore  it.  Electricity ,  applied  me- 
thodically, may  also  restore  nervous  excitability,  although,  if 
applied  indiscreetly,  it  may  destroy  it.  A  proper  supply  of 
blood  to  the  nervous  substance,  is  absolutely  indispensable.  If 
the  aorta  of  a  rabbit  be  tied,  and  the  spinal  cord  be  exposed  as 
quickly  as  possible,  no  pain  is  produced  by  even  the  strongest 
irritation  of  the  cord ;  in  less  than  a  minute,  the  voluntary 
control  over  the  muscles  is  lost,  the  hind  limbs  are  retracted, 
and  irritation  of  the  spinal  nerves  produces  no  signs  of  pain, 
though,  ibr  a  certain  time,  it  will  excite  movements.  On 
removal  of  the  ligature  around  the  aorta,  sensation  and,  some- 
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compared  to  telegraph  wires,  as  performing  an  intemuncial 
office,  or  the  duty  of  conveying  impreasionB  intended  to  act 
as  messages.  The  motor  nerves  have  been  specially  regarded  as 
electrical  discharging  organs,  but  the  analogy  here  indicated 
is  yery  rude. 

When  a  stimulus  is  artificially  applied  to  a  nerve  fibre,  it 
ia  probable  that  its  effects  are  propagated  longitudinally  in 
both  directions ;  but  in  the  living  body,  stimidi  are  usually 
applied  to  nerve  fibres  either  at  their  distnl  extremity,  as  in 
the  various  sensitive  tissaes  or  surfaces  of  the  body,  or  else 
at  their  central  ends,  as  in  some  of  the  grey  ganglia,  or  grey 
masses,  of  the  nervous  centres.  The  effect  of  a  stimulos 
applied  to  the  distal  extremity  of  certain  nerve  fibres  during 
life,  is  propagated,  or  conducted  inwards,  towards  a  nervous 
centre ;  hence  it  is  called  a  centripetal  action,  and  the  fibre  is 
nwken  of  as  an  afferent  nerve  fibre ;  on  the  other  hand,  when 
the  central  extremity  of  another  kind  of  nerve  fibre  receives 
the  stimulus,  the  effect  of  this  is  propagated  outwards  towards 
a  muscle ;  that  is  to  say,  a  centrifugal  action  takes  place,  and 
the  fibre  is  called  an  efferent  fibre.  The  efferent  fibres  ter- 
minate in  muscles,  and  convey  the  effects  of  motorial  stimuli ; 
hence  they  are  called  motor  or  motor f/  fibres.  The  afferent 
fibres  have  received  two  different  names,  according  to  the 
different  offices  which  tbey  serve.  First,  some  afferent  fibres 
convey  the  effect  of  impressions  to  certain  parts  of  the  grey 
matter  of  the  nervous  centres,  and  then,  by  a  reflected  action, 
which  always  takes  place  through  grey  matter,  stimulate  certain 
efferent  or  motor  fibres,  which,  in  turn,  excite  definite  muscles 
to  contract ;  such  a  mode  of  action  of  tlie  nervous  system,  is 
called  a  refex  action,  and  the  afferent  fibres  concerned  in  it, 
may  be  called  reflex  afferent  fibres,  and  the  efferent  fibres 
concerned,  reflex  efferent  or  reflex  motor  fibres.  The  entire 
nervous  a])paratus  employed  in  these  reflex  actions,  viz.  the 
afferent  fibres,  the  grey  nervous  centre,  and  the  efferent  fibres, 
is  also  spoken  of  as  an  excito-motor  ner\'ous  apparatus ;  and 
the  phenomena  resulting  from  its  action,  are  named  excito- 
motor  phenomena,  or  reflex  acts.  Secondly,  other  afferent 
fibres  convey  the  effects  of  impressions  or  stimuli  upon  them,  to 
the  common  sensorium,  and  there  produce  sensations  proper  \ 
these  are  called  sensory  afferent  fibres,  or  simply,  sensory 
fibres. 

There  is  no  anatomical  difference  discernible  between  the 
sensory,  reflex,  and  motor  fibres.     Even  between  the  nerves 
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of  common  sensation,  and  those  of  the  different  special  senses, 
there  is  no  recognisable  distinction,  excepting  as  regards  the 
comparative  fineness  of  the  fibres  of  the  latter ;  but  they  are 
connected  with  different  portions  or  masses  of  the  grey  mat- 
ter of  the  sensorium.  It  is  presumable  that  the  difference 
in  the  functions  of  afferent  and  efferent  fibres,  depends  on  the 
direction  in  which,  during  life,  the  effects  of  stimuli  are 
practically  made  to  operate,  and  on  the  difference  between 
the  parts  to  which  those  effects  are  ultimately  conveyed.  In 
a  motor  fibre,  the  stimulus,  or  rather  some  state  of  the 
nerve  fibre  produced  by  it,  travels  outwards  to  a  contract- 
ing muscle ;  in  an  afferent  reflex  fibre,  inwards  to  a  reflex 
nervous  centre ;  and  in  a  sensory  fibre,  inwards  to  a  sensitive 
nervous  centre.  Sometimes  in  the  living  body,  a  nerve  is 
composed  entirely  of  efferent  or  motor  fibres ;  for  example, 
the  sixth  cranial  nerve.  At  other  times,  a  nerve  is  composed 
entirely  of  afferent  fibres ;  and  of  these,  either  the  greater 
part  may  be  purely  sensory,  as  in  the  case  of  the  nerves  of 
the  special  senses  of  sight  and  hearing,  viz.  the  optic  and 
auditory  nerves ;  or  there  may  be,  with  the  sensory  fibres, 
many  afiTerent  reflex  fibres,  as  in  the  case  of  the  sensory 
branches  of  the  first  and  second  divisions  of  the  fiflh  cranial 
nerve.  More  commonly,  both  efferent  and  afferent  fibres, 
tluit  13  motori  ienscsry,  and  reflex^  are  combiricd  together  in 
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the  grey  matter  is  said  to  be  more  highly  endowed,  and  to 
constitute  what  are  called  active  nervous  centres.  Besides 
being  concentrated  in  masses,  the  grey  matter  has  a  more 
complex  microscopical  structure,  and  is  more  vascular  than 
the  white  matter. 

The  conducting  power  of  motor  nerve  fibres  is  such,  that  it 
takes  a  certain  appreciable  time  for  the  effects  of  a  stimulus  to 
travel  along  them.  The  rate  of  conduction  in  the  frog,  has 
been  determined  by  the  following  interesting  experiment  per- 
formed by  Helmholz.  An  upright  blackened  cylinder,  made 
to  revolve  so  many  times  in  a  second  by  clockwork,  named  a 
Kymographion^  has  two  pins  brought  in  contact  with  its  sur&ce; 
an  upper  one,  attached  to  a  galvanic  apparatus,  serves  to  record 
the  moment  of  entrance  of  an  exciting  current  into  the 
upper  end  of  a  long  nerve ;  whilst  a  lower  one,  attached  to 
the  muscle  supplied  by  the  nerve,  records  the  moment  and 
duration  of  the  contraction  of  the  muscle,  by  rising  as  the 
muscle  contracts,  and  so  describing  a  curved  line  on  ^the 
cylinder.  The  circumference  of  the  cylinder,  the  number  of 
its  rotations  per  second,  the  length  of  the  line  described  by  the 
lower  pin,  before  it  begins  to  ascend,  and  finally  the  length  of 
the  excited  nerve,  furnish  data  for  the  calculation  of  the 
rapidity  with  which  the  excitability  of  the  nerve  is  brought 
into  play  along  it ;  in  other  words,  the  rate  of  movement  of 
the  nerve-change  through  the  nerve.  Quite  recently,  Helm- 
holz has  devised  another,  much  more  complicated,  but  more 
delicate  apparatus,  for  determining  this  rate.  In  the  motor 
nerves  of  the  frog,  at  a  temperature  between  52°  and  70°, 
the  rate  of  conduction  was  found  to  vary  firom  81  to  126  feet 
per  second.  In  warm-blooded  animals,  and  in  man,  it  has 
been  estimated  to  be  rather  more  tlian  200  feet  per  second. 
The  rate  of  motion  of  an  electrical  current  travelling  along  a 
metallic  wire,  has  been  shown  to  be  462,000,000  feet  per 
second.  Light  travels  about  40,000  miles  in  the  same  period. 
The  rate  of  conduction  of  impressions  in  sensory  nerves,  has 
been  ailculated  by  Hirsch,  at  about  110  feet  per  second. 
The  same  observer  states  that  the  rate  of  propagation  differs 
in  regard  to  the  nerves  of  touch,  hearing,  and  sight ;  but  the 
numerical  results  obtained  by  him  are  variable.  Some  dif- 
ference, however,  may  exist  in  different  nerves,  for  contrac- 
tion of  the  iris  in  rabbits  occurs  (luickly  on  irritation  of  the 
third  cranial  nerve,  but  more  slowly  after  irritation  of  the  fifth. 
(Budge.)     The  rate  of  propagation  is  moreover  influenced  by 
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the  strength  of  thestimulng,  for  powerful  irritation  of  the  ganglia 
belonging  to  the  so-called  S3mipathetic  nerves,  produces  sudden 
reflex  movements,  although  the  normal  character  of  the  sym- 
pathetic, is  to  act  more  slowly  under  the  influence  of  moderate 
stimulation. 

It  has  even  been  observed,  in  certain  experiments,  that 
muscular  contraction  takes  place  more  slowlv,  l3ie  more  distant 
the  point  of  nerve  which  is  excited ;  and  tne  amount  of  dif- 
ference in  time,  compared  with  the  diflTerence  between  the 
excited  points  of  the  nerve  touched,  enables  the  rate  of  pro- 
pagation to  be  estimated.  The  effect  of  the  stimulus  upon  a 
muscle  has  been  shown  to  be  greater,  according  to  the  length 
of  nerve  between  the  point  excited  and  the  muscle.  Speaking 
generally,  the  force  with  which  a  muscle,  excited  through  its 
nerve,  contract**,  is  proportional  to  the  force  or  intensity  of 
the  stimulus  applied  to  the  nerve.  When  one  nerve  is  ex- 
cited, a  neighbouring  nerve  lying  close  alongside  it,  may  be 
affected,  and  so  groups  of  muscles  may  be  called  into  play.  If 
a  muscle  be  loaded  witli  a  certain  weight,  the  commencement 
of  contraction,  when  it  is  excited  through  a  nerve,  is  some- 
what delayed. 

Nerves  have  been  supposed  to  conduct  impressions  after  the 
manner  of  the  propagation  of  vibrations  in  tense  cords,  or 
by  11  nrl  111  at  ions   in  the  lliiitl  contents  of  tliii  nerve  fibrt.%  or 


THl  NEBTB  CUBBBM1B.  981 

finnn  the  iurface  t9  the  cut  ends ;  hence,  in  a  sepanted  portioQ 
of  nerre,  the  sur&ce  is  positiye  and  the  ends  are  negatire,  cor- 
rentB,  as  indicated  by  a  galvanometer,  passing  from  the  equator 
in  each  direction,  to  t^e  ends  of  the  cut  piece.  The  nerre 
enrrent  maj  be  shown,  bj  placing  a  portion  of  the  divided 
■datic  nerve  of  a  frog,  still  connected  with  the  leg,  with  its 
anrface  in  contact  with  one  cushion  of  the  apparatus  already 
described  (p.  167),  and  its  cut  end  with  the  other  cushion.  la 
a  completely  separated  portion  of  nerve,  the  current  is  equally 
evident,  whether  the  peripheral  or  the  central  cut  end  be 
brought  against  one  cushion,  whilst  the  surface  touches  the 
other ;  and  the  effect  is  much  increased  by  doubling  the  piece 
of  nerve,  and  applying  both  cut  ends  to  one  cushion,  and  the 
centre  of  the  loop  to  the  other.  The  nerve  current  is,  how- 
ever, more  difficult  to  detect  than  the  muscular  current,  being 
many  times  weaker ;  but,  as  in  the  case  of  that  current,  it 
must  be  remembered  that  only  a  portion  of  the  proper  cur- 
rent of  the  nerve  operated  upon,  or,  as  believed  by  Du  Bois- 
Keymond,  only  a  secondary  derived  current,  can  be  made  to 
pass  through  the  circuit  of  the  galvanometer.  The  nerve  cur- 
rent ceases  in  the  dead  nerve.  Budge  alone  regards  it  as  an 
artificial  current,  of  doubtful  existence  in  the  living  nerve ; 
but  its  presence  is,  by  others,  universally  admitted.  To  ex- 
plain this  electrical  condition  of  the  living  quiescent  nerve,  its 
ultimate  molecules  have  been  supposed,  as  in  the  case  of 
muscle,  to  be  either  single  molecules  with  a /)eri/)o/ar  arrange- 
ment, that  is  to  say,  with  an  equatorial  positive  band  all  round 
them,  and  with  the  two  extremities  negative  (Diagram  D);  or 
else  to  be  comix)sed  of  a  series  of  double  molecules,  having 
their  corresponding  poles  placed  towards  each  other  (Diagram 
F,  a).  When  a  nerve  is  excited  to  action,  its  normal  current, 
like  that  of  muscles,  undergoes  a  diminution,  and  this  takes 
place  whether  the  stinuilus  be  gjilvanic,  or  mechanical,  or  che- 
mical, such  as  siilt  and  strychnia.  This  is  most  evident,  when 
interrupted  electrical  currents  are  used  to  stimulate  the  nerve, 
and  the  muscles  aretetanised.  According  to  Du  Bois-Reymond, 
the  current  may  even  be  reversed ;  and  a  portion  of  a  nerve  so 
altered,  has  its  cut  ends  neutral  or  positive  to  the  longitudinal 
surface,  instead  of  negative.  In  this  condition,  the  conducting 
power  of  the  nerve  is  lessened.  The  nerve  regains  its  normal 
conditions,  on  being  placed  for  a  time  between  pieces  of  muscle. 
The  resemblances  between  nerve  and  muscle,  in  regard  to 
their  electrical  currents,  however,  are  not  complete ;  for  the 
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electrical  condition  of  a  nerve  is  capable  of  being  altered  in  a 
peculiar  manner,  by  the  application  of  a  continuous  galvanic 
current,  which  we  dball  here  speak  of  as  the  exciting  current^  to 
a  distant  portion  of  the  nerve ;  for,  in  such  case,  the  normal 
current  is  altogether  changed,  according  to,  and  in  obedience 
witli,  the  direction  of  the  exciting  current.  If,  for  example,  a 
portion  of  a  nerve.  Diagram  E,  1,  a,  is  connected  with  the 
galvanometer,  by  being  placed  on  the  moist  cushions  of  the 
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When  now  a  constant  exciting  current  is  applied  to  another 
part  of  the  nerve,  by  meanis  of  a  galvanic  cell  B,  in  a  direc- 
tion, as  marked  by  the  arrow,  5,  corresponding  with  that  of 
the  nerve  current  in  the  part  a,  then  the  strength  of  this  latter 
ouirent  b  increased ;  but  if,  as  shown  in  2,  the  direction  of 
the  exciting  current  at  6  is  opposed  to  that  of  the  normal 
current  in  a,  then  the  strength  of  the  latter  is  diminished. 
Furthermore,  if,  as  in  3,  a  portion  of  nerve  is  placed  on  the 
cushions,  with  the  points  of  contact  equidistant  from  its  centre, 
so  that  the  normal  nerve  currents  passing  from  the  middle  or 
equator  towards  the  ends  or  poles  of  the  nerve  counterbalance 
each  other,  as  is  well  known,  no  effect  is  produced  on  the 
galvanometer  needle ;  but  when  an  exciting  current  is  passed, 
as  from  the  cell  B,  upwards  or  downwards,  through  a  portion 
of  the  nerve  as  at  6,  beyond  the  portion  included  in  the  gal- 
yanometric  circuit,  then  a  current  is  immediately  manifested 
in  the  part  a,  included  in  the  galvanometric  circuit,  flowing, 
aa  shown  by  the  two  arrows,  in  a  direction  corresponding  wiui 
that  of  the  exciting  current.  In  other  words,  the  electrical 
condition  of  the  whole  piece  of  nerve,  and  not  only  that  of  its 
excited  portion,  is  altered  by  and  obeys  the  direction  of  the 
exciting  current.  To  explain  the  controlling  inHuence  of  the 
exciting  current  on  the  normal  nerve  current,  the  molecules 
of  the  nerve  are  supposed  to  be  thus  affected.  As  already 
stated,  these  are  assumed  to  be,  in  the  quiescent  state,  either 
peripolar  J  Diagram  D,  or  to  be  composed  of  pairs  of  unipolar 

Diagram  D  (repeated). 

Diagram  D  is  hero  repeated,  as  it  shows  the  supposed  peripolar  condition  of 
the  iiervo-moleculcH.as  well  as  of  that  of  the  muscle-molecules,  on  which  the 
normal  current  of  those  tissues  is  said  to  depeud. 

molecules,  with  their  corresponding  poles  turned  towards  each 
other,  Diagram  F,  a ;  but  under  the  influence  of  the  exciting 
currents,  tliey  are  supposed  by  Du  Bois-Reymond  to  be  so 
acted  on,  as  to  become  dipolar.  On  the  former  supposition,  of 
the  nerve  consisting  of  rows  of  single  peripolar  molecules,  a 
shifting  or  alteration  of  their  polarity  is  assumed  to  occur ; 
but,  on  the  latter  supjwsition,  every  other  molecule  is  imagined 
to  undergo  a  change  in  its  polarity,  or  seems  to  turn  hall-way 
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round,  as  shown  in  b,  Diagram  F.  This  new  condition  of  the 
nerve,  as  regards  the  electrical  state  of  its  molecules,  is  spoken 
of  as  its  electrotonicity. 

Diagram  F. 


Diagram  F  shows  a  further  view  of  the  supposod  electrical  constitution  of 
the  nerve  molecules,  and  also  of  the  change  in  them,  supposed  to  be  produced 
in  the  state  of  electrotonua,  or  the  electrotonic  condition  of  nerves,  a 
shows  the  supposed  double  constitution  of  the  nerve  molecules,  each  pair 
making  up  a  composite  peripolar  molecule  in  the  normal  nerve,  h  shows 
how,  by  the  half  revolution  of  every  other  molecule,  the  whole  chain  may  obey 
the  direction  of  an  exciting  current  or  stimulus,  and  become  electrotome, 
L  e.  its  molecules  may  assume  the  electrical  character  of  those  in  any  ordiDai7 
galvanic  circuit.  The  arrows  show  the  direction  of  a  current  outside  suoh 
rows  of  molecules,  as  it  would  pass  through  a  galvanometric  circuit  con- 
uocted  with  them. 

This  electrotonic  condition  is  so  important,  that  we  are  jus- 
tified in  again  comparing  the  effects  of  electricity  on  muscle 
and    nerve,   so  as  clearly   to  impress    upon    the  mind  this 
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from  that  part  iQcreases  upwards  or  downwards,  and  at  last  it 
diaappcarfl  in  both  directions,  the  normal  nerve  euiTent  piir- 
etiing  its  unual  course. 

But  not  only  is  the  occurreuce  of  electro  tonicity  in  a  nerve, 
a  character  whic^h  distinguiahes  that  tisHua  irom  miuicle;  but 
what  in  even  more  importantj  certJiin  cliangiis  in  the  chaiac- 
teriade  physiological  property  of  the  nerve»  that  ia  to  aay^  in 
its  excitability  to  sstimtili,  or  its  condacting  power^  ajmulta- 
neoualy  take  place.  Thus,  when  an  exciting  current,  Dia- 
gram G,  Hi  is  puised  through  a  portion,  a,  of  a  nerve^  f?oing 
to  a  muscle,  wi,  so  as  to  produce  the  clectrotonic  condition 
above  and  below  it,  the  portioii,  e,  of  the  nervcj  lying  outside 

Diagram  0. 


Biagnun  6  illustrates  the  phenomena  of  anelectrotonufl  and  cathelectro- 
toDus ;  and  the  changes  in  the  physiological  property  of  exdtabUity  of  a 
nerve,  accompanying  those  states,  a  is  a  portion  of  a  nerrot  supposed  to  be 
distributed  to  the  muscle,  m.  B,  is  a  cell  giving  a  constant  current  in  the 
direction  of  the  arrows,  and  passing  through,  from  the  anode,  or  positive 
pole  +,  to  the  cathode,  or  negative  pole  — ,  through  the  part  of  the  nerve  a. 
The  part  of  the  nerve  marked  c,  is  said  to  be  in  the  state  of  aiieUctroUmuB, 
and  has  its  excitability  diminished ;  the  part  marked  6.  is  said  to  be  in  a 
state  of  catheUctrotoHut,  and  has  its  excitability  increased.  In  the  portion 
of  the  nerve  niarked  a,  the  excitability  is  heightened  in  the  neighbourhood 
of  the  part  b,  and  lowered  in  the  part  near  e.  Somewhere  between  b  and 
e,  ia  a  point  where  no  change  in  the  excitability  occurs. 

the  excited  part,  which  is  next  to  the  positive  pole  +,  and 
therefore  behind  the  point  of  entrance  of  the  current,  has  its 
excitability  or  its  power  of  conduction  lessened  or  diminished, 
whilst  the  portion,  bj  of  the  nerve  next  to  the  negative  pole  — , 
and  therefore  in  front  of  the  point  of  exit  of  the  exciting  cur- 
rent, shows  an  increase  or  heightening  of  its  physiological 
properties.  In  other  words,  of  the  two  parts  of  the  nerve 
beyond  the  current,  the  part,  c,  next  the  entering  current,  has 
its  properties  diminished,  and  the  part,  6,  next  to  the  point  of 
exit  of  the  current,  has  its  properties  heightened.  As  the 
positive  pole  of  a  galvanic  circuit  is  called  the  anode,  the 
electrical  condition  of  the  nerve  near  that  pole  is  called  aneUe- 
trotonuSj  and  manifests  a  lessening  of  the  excitability ;  whilst^ 


286 


SPECIAL  PHTBIOLOGT. 


as  the  nc^tive  pole  is  called  cathode^  the  condition  of  the 
nerve  at  that  part,  is  named  cata-electrotonua,  or  catkelectro- 
tonvs,  and  exhibits  a  heightening  of  the  nervous  irritability. 
Between  the  two  poles,  a,  the  nerve  is  also  similarly  affected ; 
the  part  nearest  b,  has  its  excitability  exalted,  and  the  part  nearest 
Cf  has  it  lowered.  Somewhere  in  this  piece  of  nerve,  is  a  point 
where  no  change  occurs.  The  position  of  this  point  moves 
nearer  to  the  negative  pole  of  that  current,  as  the  exciting  cur- 
rent is  made  stronger,  until  the  Whole  piece  of  nerve,  a,  has  its 
excitability  diminished ;  whilst,  as  the  current  is  made  weaker, 
this  point  travels  towards  the  positive  pole  of  the  current,  until 
the  excitability  of  the  whole  piece,  a,  is  heightened.  It  has 
further  been  proved  that  the  excitability  or  conductility  of  an 
electrotonised  nerve,  is  not  only  lessened  or  heightened  in  inten- 
sity, but  that  it  responds  to  stimuli  generally,  more  slowly  than 
in  the  healthy  nerve.  Moreover,  it  appears  that  a  constant  ex- 
citing current  of  a  certain  strength,  arrests  the  power  of  a  motor 
nerve  to  produce  muscular  contraction  by,  as  it  were,  holding 
in  check  the  eflfect  of  other  motorial  stimuli  upon  the  nerve. 
This  action  is  called  inhibition,  and  the  current  producing  it, 
the  inhibiting  current.  Lastly,  as  we  shall  immediately  more 
particularly  describe,  an  excited  motor  nerve  produces  con- 
tractions in  a  muscle,  not  during  the  continuance  of  its  electro- 
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The  phenomena  produced  bj  the  application  of  electrical 
currents  to  motor  nerves,  are  very  complex.  The  effects  are 
more  marked,  the  further  apart,  and  the  more  obliquely  the  poles 
are  brought  in  contact  with  the  nerve  experimented  upon. 
The  chief  facts  hitherto  observed  maj  be  thus  summarised. 
A  uniform  and  constant  current  produces  no  muscular  con- 
traction ;  but  when  very  strong,  as  already  stated,  it  inhibits 
the  effect  of  other  stimuH.  When  a  constant  current  is  varied 
in  its  intensity,  then  contractions  take  place  at  the  moment  of 
variation.  It  is  by  interrupted  currents  that  contractions  are 
normally  produced,  and  these  generally  occur  both  when  the 
current  is  made,  and  interrupted,  or  closed  and  opened,  1.  e.,  as 
just  stated,  at  the  commencement  and  end  of  a  current,  and  not 
during  its  steady  continuance ;  but  these  phenomena  are  not 
constant,  as  we  shall  immediately  see.  With  weak  cturents, 
the  contraction  occurs  at  the  making,  closure,  or  commencement 
of  the  current ;  with  strong  currents,  at  both  the  making  and 
interruption,  i.  e.  at  both  the  beginning  and  end,  of  the  cur- 
rent. When  these  interruptions  of  the  current  become  suf- 
ficiently rapid,  the  muscle  is  throMm  into  a  state  of  constant 
contraction,  or  is  tetanised.  Descending  and  ascending  cur- 
rents passed  along  the  nerve,  are  otherwise  called  centrifugal 
and  centripetal,  or  direct  and  inverse  currents,  because  9ie 
former  pass  in  the  same  direction  as  the  volitional  stimidus, 
i.  e.  from  the  nervous  centre  to  the  muscle,  whilst  the  latter 
pursue  the  opposite  course.  They  each  produce  peculiar 
effects  in  particular  circumstances,  either  according  as  the 
current  is  weak  or  strong,  or  according  as  the  limb  operated 
upon,  is  attached  to,  or  detached  from,  the  body,  or,  lastly, 
according  as  the  excitability  of  the  nerves  and  muscles,  is  more 
or  less  perfect.  The  following  table  shows  the  results  ob- 
tained by  Kitter  and  Nobili  : — 


Direct  Current 

Inverse  Current 

Commeiice. 
ment 

Eod 

Commence- 
ment 

End 

Limb,  attached  to  body 
Limb,  separate,  vigorous 
Limb,  separate,  excitobility  J 

lessened        .         .         .  ) 
Limb,  separate,  excitability  \ 

near  y  gone  .         .        .J 

» 

# 

» 
# 

« 
» 
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But  according  to  PflUger  and  Heidenbain  the  results  are 
modified  by  the  strength  of  the  currents  employed,  as  ex- 
pressed in  the  following  table : — 


Strength  of  CurrenU 

Direct  Current 

InTerie  Current 

Commence- 
ment 

End 

Commence- 
ment 

End 

Weak           .... 
Motlerate    .... 
Strong         .... 

ft 
ft 
ft 

ft 
Slight 

ft 
ft 

ft 
ft 

Valentin  maintains  that,  with  moderate  currents,  contracdon 
occurs  only  at  the  closure,  or  commencement,  of  the  current, 
whether  this  be  direct  or  inverse ;  any  other  results,  he  refers 
to  the  effects  of  injury  to  the  nerve.  With  stronger  currents, 
contractions  occur  at  both  the  commencement  and  the  end, 
the  latter  being  the  weaker.  As  regards  very  strong  currents, 
Valentin's  observations  coincide  with  Pfliiger's.  Budge,  how- 
ever, has  ibund  that  very  strong  currents  produce  contraction, 
both  at  the  moment  of  closure  and  opening,  whether  they  be 
direct  or  inverse.  The  different  results  arrived  at  by  equally 
careful  observer?^  indicate  the  necessity  for  yet  further  : 
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ihioagh  a  senaorj  neire,  onlj  at  ibe  end  of  a  dired  m  cen- 
trifugal current,  and  at  the  commencement  of  an  inverse  or 
centripetal  current,  results  which  are  the  opposite  of  thora 
observed  as  regards  the  muscular  contractions  (PflUger) ;  lastlj, 
a  constant  current  does  not  inhibit  the  sensorial  conducting 
power  of  a  sensory  nerve. 

The  experiments  which  establish  the  numerous  foregoing 
&cts,  are  amongst  the  most  difficult  and  refined  in  physiolo- 
gical science,  and  clearly  prove  an  intimate  relation  between 
Uie  electrical  state  and  the  physiological  action  of  the  nerves; 
but  at  present,  the  true  rdationship  between  these  two  con- 
ditions can  only  be  matter  of  conjecture.    It  has  already  been 
mentioned  that,  in   stimulating  a  motor  nerve,  a  constant 
current  produces  no  muscular  contraction,  so  long  as  it  is  of 
uniform  strength,  or  iminterrupted ;  but  that  a  variation  in 
the  intensity  of  the  current,  or  an  interruption  of  the  current, 
will  produce  contraction.     Now,  the  result  of  applying  any 
stimulus,  whether  mechanical,  chemical,  or  electrical,  to  a 
nerve,  is,  as  we  have  seen,  to  cause  a  diminution  of  the  normal, 
or  usual,  nerve  current ;  and  such  a  diminution  or  variation 
in   the   current,  it  is  allowable  to  suppose,   may    determine 
the  muscular  contraction.     Again,  when  a  nerve  is  excited  by 
an  electrical  current,  and  thrown  into  an  electrotonic  state, 
we  have  an  alteration  in  the  static  current,  and,  besides  this, 
a  new  one  established  in  its  stead;    but  contractions  only 
take  place  at  the  commencement  and  end  of  the  electrotonic 
state,  not  during  its  continuance — that  is  to  say,  at  the  inter- 
niption  of  the  current     If,  therefore,  by  any  process  taking 
place  in  the  nerve  cells  of  the  grey  matter,  such  momentary 
electrotonic   states    may   be    produced,    contractions   would 
necessarily  occur  when  it  w^as  established,  or  when  it  was  in- 
terrupted.    Such  an  explanation  of  the  action  of  the  nerve 
substance  is,  however,  at  present  hypothetical.  The  possibility 
of  some  internal  change,  of  an  electrical  character  in  a  living 
tissue,  influencing  the  excitability  of  a  nerve,  and  so  making 
the  muscles  supplied  by  that  nerve  to  contract,  is  proved  by 
the  interesting  experiment  of  causing  the  muscles  of  the  so- 
called  rheoscopic  limb  of  a  frog,  to  contract,  by  means  of  the 
stimulus  of  the  altered  electrical  currents  of  the  muscles  of 
another  frog's  limb.     The  rheoscopic  frog's  limb  consists  of 
the  hinder  limb  of  a  frog,  denuded  of  its  skin,  and  cut  off 
just   above  the  knee,  but  having  the  whole  length   of  the 
sciatic  nerve  preserved  uninjured,  and  still  connected  with  tlie 
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detached  leg.  Such  a  limb,  sonietimes  also  called  galvanbscoptCy 
serves,  when  insulated  bj  being  laid  on  a  piece  of  glass,  for 
the  various  experiments  on  the  motor  properties  of  the  nerve; 
for  the  muscles  contract  when  the  nerve  is  pinched,  scratched, 
irritated  with  saline  solutions  or  acids,  or  when  it  is  electri- 
fied, in  which  latter  case  the  current  must  be  made  to  pass, 
not  directly  across  the  nerve,  but  along  some  appreciable  por- 
tion of  its  length.  But  the  experiment  to  which  allusion  is 
made  above,  consists  in  laying  the  projecting  portion  of  the 
sciatic  nerve — of  course  uninjured — upon  the  muscles  of 
another  frog^s  leg,  and  stimulating  those  muscles  to  contract,  by 
galvanising  their  motor  nerves  at  such  a  distance  from  them, 
and  in  such  a  manner,  that  no  part  of  the  exciting  electrical 
current  can  directly  reach  those  muscles.  When  this  is  done,  the 
muscles  contract,  and,  as  we  already  know,  this  is  accompanied 
by  disturbances,  i.  e.  by  intermittent  diminutions  in  their 
normal  current;  and  hence,  in  consequence  of  these  variations, 
they  excite  the  nerve  of  the  rheoscopic  limb,  which  is  resting 
upon  them,  and  this,  in  turn,  causes  contractions  in  the 
muscles  of  that  limb.  Here,  then,  is  an  example  of  a  nerve 
excited,  so  as  to  cause  contractions  of  its  muscles,  by  the 
agency  of  electrical  currents  occurring  in  a  living  tissue,  viz. 
in  the  muscles  of  another  frog*s  leg.  To  succeed  in  this  ex- 
perirnetit,  it  is  nt-coa^itry  that  tho  nerve  of  the  rLeosccipic  lirab 
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on  a  disturbance  of  ihe  xmuBCuIar  currant,  but  on  the  sospen- 
non  or  absence  of  the  static  currents,  which  are  present  in 
inactive,  but  living,  nerve  and  muscle.  The  relaxed  state  of 
the  muscle,  he  believes  to  be  maintained  bj  the  presence  of  the 
static  current.  The  rigor  mortis,  he  likewise  supposes  to  de- 
pend on  a  similar  cessation  of  these  currents.  He  also  ezplaina 
the  electrotonic  phenomena  of  excited  nerves,  in  a<»ordanoe 
with  his  peculiar  views. 

Nerve  Force. 

The  phenomena  which  take  place  in  nerve  fibres  and  nerve 
cells,  when  excited  to  action  by  any  stimulus,  have  led  to  the 
supposition  that  there  is  manifested  within  them,  at  such  timesi 
a  peculiar  force,  which  is  called  the  nerve  farce^  or  via  nervotOf 
just  as  the  electric  and  magnetic  phenomena  produced  in  elec- 
tric or  galvanic,  and  magnetic  apparatus,  are  supposed  to  be 
the  result  of  an  electrical  and  magnetic  force,  called  either 
electricity  or  magnetism.  Three  different  views  are  enter- 
tained respecting  the  nature  of  this  nerve  force.  By  some,  it 
is  regarded  SL^a. special  forcCj  proper  toliving  nerve  substance, 
a  vital  force  wholly  different,  even  in  kind,  to  any  other  force 
in  nature.  By  others,  it  has  been  considered  to  be  the  same 
as  electricity,  or  a  mere  modification  of  it.  A  third  view 
supposes  it  to  be  a  special  form  of  the  common  force  of 
nature,  correlated  to  electricity,  and,  through  it,  to  all  the 
other  forms  of  that  force. 

In  considering  these  views,  it  is  necessary  to  bear  in  mind 
that  there  are  many  reasons  why  the  physiological  eneigy  of 
nerve  substance,  or  nerve  force,  is  to  be  r^arded  as  something 
different  from  electricity.  First,  if  it  were  electricity,  it 
would  be  conductible  along  a  piece  of  copper  or  other  metallic 
conductor  ;  whereas,  if  a  nerve  be  divided,  and  its  cut  ends  be 
connected,  by  laying  a  piece  of  metal  wire  between  them,  the 
one  portion  of  the  nerve  does  not  act  when  the  other 
portion  is  excited ;  or,  in  other  words,  the  nerve  force  cannot 
pass  along  the  metal  wire.  Nerve  fibres^  or  nerve  cells,  are 
the  only  structures  along  which  the  nerve  force  can  be  propa- 
gated. Secondly,  cold  diminishes  the  conducting  power  of 
nerves,  for  the  nerve  force  ;  whereas  it  increases  the  conduct- 
ing power  of  solids  or  fluids,  for  electricity.  Thirdly,  the 
crushing  of  a  nerve,  or  tying  it  tight,  and  afterwards  loosening  it, 
interferes  with  the  future  passage  of  the  nerve  current ;  whereas 
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the  mere  bruising  of  a  wire,  does  not  stop  electricity  from  pass- 
ing through  it.  It  may  be,  however,  that  the  case  of  an  injured 
nerve,  should  rather  be  compared  with  that  of  a  compound 
telegraph  wire,  in  which  the  internal  copper  conducting  wires 
are  broken,  whilst  the  outer  supporting  coils  and  coverings  of 
iron  wire,  rope,  and  gutta-percha,  are  uninjured.  Fourthly,  as 
has  already  been  mentioned,  the  nerve  current  travels  at  an 
extraordinarily  slow  rate,  as  compared  with  that  of  electricity. 
Lastly,  from  careful  experiments  performed  by  PflUger,  it 
appears  that  the  nerve  force  increases  in  power,  in  proportion 
to  the  length  of  nerve  excited ;  that  is  to  say,  the  effect  in 
causing  muscular  contraction  is  greater,  the  fiirther  from  the 
muscle,  or  the  nearer  to  the  nervous  centre,  the  nerve  is 
excited ;  and  so,  in  the  reflex  action  of  nerves,  the  nearer  to 
the  peripheral  ends  of  the  nerve  the  stimulus  is  applied,  the 
greater  the  effect.  It  would  seem,  therefore,  that  either  the 
nerve  force  gathers  strength  as  it  passes  along  a  nerve,  or  else 
excites  the  development  of  additional  nerve  force  as  it  travels 
along.  This  peculiarity  distinguishes  it  from  electricity,  which 
has  no  such  power  of  exciting  new  force  within  a  conductor, 
but  rather  tends  gradually  to  become  itself  exhausted.  From 
these  various  facts,  it  appears  safe  to  conclude  that  nerve  force 
is,  at  least,  something  different  from  electricity ;  and  a  force 
so  Jar  peculinr  to   living  aiiitimls,  and   to  Rjioctally  organised 
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of  the  several  forces  of  nature,  physical  and  vital,  the  fo^^ 
acting  in  a  n^ve,  maj  also  be  correlated  with  chemical  ibroOf 
with  the  heat  developed  in  the  muscle,  and  even  with  the 
peculiar  molecular  motions  which  produce  muscular  contrac- 
tion, and  all  its  accompanying  physical  or  m^anical  conse* 
quences.  Indeed,  as  it  is  more  acceptable  to  the  human  mind  to 
suppose  that  the  quantity  of  force,  like  the  quantity  of  matter 
in  uie  existing  order  of  nature,  remains  the  same,  and  is  never 
lost  or  annihilated,  some  such  notion  of  the  interchange  of 
inorganic  into  organic,  and  of  organic  into  inorganic  ^rce, 
must  be  entertained.  On  this  view,  the  nerve  force  is,  as  it 
were,  nourished  from  physical  force,  as  the  living  substance 
of  the  nervous  tissues,  is  fed  from  the  inorganic  materials  of 
the  dead  world.  The  nerve  force  here  spoken  of,  is,  how- 
ever, merely  that  which  is  set  free  in  the  exercise  of  the  pro- 
perties of  excitability  and  condnctility,  in  both  sensory  and 
motor  nerves.  But,  as  already  stat^,  we  must  leave  un-> 
solved,  the  mystery  of  sensation  and  consciousnesSj  as  endow- 
ments  of  living  matter,  even  when  these  are  manifested  in 
their  simplest  forms,  in  animals ;  and,  in  regard  to  the  higher 
mental  faculties,  we  can  only  recognise  the  co-operation  of 
the  same  nerve  force,  as  one  necessary  physiological  condition 
of  all  such  psychical  phenomena  in  us. 


The  particular /mwc^iows  performed  by  the  nervous  system, 
are,  as  already  stated,  first,  those  of  sensation,  common  and 
special.  Secondly,  tlie  reg\ilation  of  all  the  movements  of  the 
animal  body,  whether  these  be  reflex,  emotional,  ideational,  or 
volitional ;  or  whether  they  appertain  to  the  animal,  or  to  the 
vegetative  functions,  such  as  the  movements  of  respiration, 
tliose  of  the  alimentary  canal,  and  the  motions  of  the  heart 
and  bloodvessels.  Thirdly,  the  nervous  system  is  that  part  of 
the  frame,  through  the  agency  of  which,  all  mental  manifesta- 
tions occur.  Lastly,  the  nervous  system  influences  the  nutri- 
tive functions  of  the  body,  either  solely  by  its  effects  on  the 
minuter  bloodvessels,  or,  perhaps  also,  by  some  special  control 
over,  or  interference  with,  the  chemical  processes  of  nutrition 
and  secretion. 

In  the  lowest  animals,  as  we  shall  see,  the  nervous  system 
disappears ;  and  hence  all  their  fiinctions,  whether  animal  or 
vegetative,  are  performed,  so  far  as  we  can  at  present  discern, 
independently  of  nervous  substance. 


294 


SPECUL  PHTSIOLOOT. 


In  man  and  the  higher  animals,  not  onlj  are  both  the 
animal  and  vegetative  functions  placed,  more  or  less,  imder  the 
control  of  the  nervous  system,  but  the  anatomical  connections 
between  the  different  parts  of  this  system,  are  exceedingly 
numerous  and  intricate,  and  the  physiological  relation  between 
the  most  distant  parts,  proportionally  intimate.  Moreover, 
the  piths  and  centres  concerned  in  the  functions  of  sensation, 
reflex  and  other  motions,  and  psychical  acts,  are  so  structurally 
associated,  that  all  parts  of  the  body  are  more  or  less  in  sym- 
pathy with  each  other ;  and  even  the  vegetative  oi^ns,  though 
provided  with  their  own  nervous  apparatus,  may  be  so  affected 
through  the  irritation  of  distant  parts,  that  a  strong  light  ap- 
plied to  the  eye,  will  cause  vomiting,  and  an  emotion  or  de- 
sire will  create  palpitation  of  the  heart.  So  widely  diffused, 
indeed,  are  the  phenomena  of  sensation,  r^ulated  motion,  and 
psychical  action  in  the  body,  that  it  is  easier,  instead  of  de- 
scribing these  functions  in  strictly  physiological  order,  to  treat 
of  the  functions  of  the  several  parts  of  the  nervous  system. 
To  prepare  the  way  for  such  an  account,  we  must  first  give  a 
description  of  this  system. 


THE   STRUCTURE   OF  THE  NERVOUS  SYSTEM. 
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tertnu  membrane  or  arachmndf  and  the  vascular  membrane 
or  pia  mater,  have  also  been  mentioned.  The  dura  mater 
protects  the  brain  and  cord,  forms  supporting  partitions  be- 
tween the  right  and  left  halves  of  the  cerebrum,  and  between  the 
««rebrum  and  cerebellum,  and  furnishes  sheaths  to  the  seve- 
lal  cranial  and  spinal  nerves ;  it  Ukewise  assists  in  £)rming 
venous  channels  or  sinuses  for  the  convejance  of  the  blood 
returning  from  the  brain;  in  the  cranium,  it  acts  as  an 
internal  periosteum.  The  arachnoid^  like  other  serous  mem- 
branes, is  a  doubled  membrane  forming  a  closed  sac,  the 
purpose  of  which  is  to  fiicilitate  such  motions  of  the  brain  and 
cord,  as  are  inevitable  in  changes  of  their  position,  or  of  the 
state  of  their  circulation.  The  spinal  cord  is  speciallj  sup- 
ported bj  a  long  duplicature  of  the  arachnoid,  with  fibrous 
tissue  in  it,  on  each  side,  named  the  ligamerUum  dentkulatum^ 
fig  60,  U  Between  the  aiachnoid  and  the  innermost  membrane, 
or  pia  mater  of  the  brain  and  cord,  are  certain  spaces  filled 
with  fluid,  the  subarachnoid  fluids  which  ia  said  to  support 
the  great  nervous  centres  as  in  a  hydrostatic  apparatus.  Its 
usual  quantity  is  about  two  ounces,  but  this  varies  in  certain 
circumstances ;  in  cases  of  extravasation  of  blood  in  the  head, 
it  is  all  absorbed;  whereas,  in  wasting  of  the  brain,  it  is 
increaned  to  as  much  as  twelve  ounces.  In  the  more  slightly 
varying  conditions  of  the  circulation  in  the  cranium,  its  quantity 
no  doubt  is  perpetually  changing ;  for  when  it  escapes  in  i'rac- 
tures  of  the  skull,  or  in  injuries  of  the  spine,  it  is  very  rapidly 
reproduced.  It  may  al»o  readily  descend  into,  and  ascend  from, 
the  spinal  canal ;  and  thus,  or  by  absorption,  may  regulate  the 
degree  of  pressure  on  the  brain  and  spinal  cord.  When 
suddenly  withdrawn,  great  disturbance  of  the  functions  of  the 
brain  ensues,  but  these  are  restored  as  it  is  reproduced. 
Pressure  on  the  brain,  causes  sleep,  torpor  or  coma ;  and  the 
absorption  of  this  fluid  may,  to  a  certain  degree,  remove  the 
eflbcts  of  pressure.  The  pia  mater  is  chiefly  formed  of  a 
congeries  of  small  arteries,  which  here  ramify  and  subdivide, 
before  entering  the  cerebro-spinal  nervous  centres.  The 
supply  of  blood  \o  these  organs  is  very  large,  amounting,  it 
is  said,  to  one-fiflh  of  the  total  quantity  of  blood  in  the  body, 
though  the  weight  of  the  encephalon  is  only  about  one-fortieth 
of  the  weight  of  the  body.  The  peculiarities  of  the  blood- 
vessels in  the  cranium,  and  the  reg\ilar  and  uniform  distri- 
bution of  the  blood  to  the  brain,  will  be  described  in  the 
chapter  on  the  Circulation.     Ligature  of  the  great  vessels  of 
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the  neck  is  quickly  fatal,  unless  some  collateral  vessels  con- 
tinue to  carry  blood  into  the  cranium.  The  snake  charmers 
of  India,  sometimes  produce,  as  a  trick  upon  themselves  ur 
others,  stupor  and  rigidity,  by  pressing  below  the  base  of 
the  skull,  probably  by  arresting  the  circulation  through  the 
brain.  Rupture  of  the  heart,  or  of  the  aorta,  is  followed  by 
instant  death,  owing  to  a  failure  in  the  supply  of  blood  to  the 
brain.  Syncope,  or  loss  of  consciousness  and  voluntary  power, 
is  a  temporary  suspension  of  the  cerebral  functions,  owing  to 
a  deficient  action  of  the  heart.  A  decapitated  head  certainly 
may  exhibit,  for  a  time,  reflex  movements ;  but  it  cannot  be 
known  whether,  and  for  how  long,  it  retains  sensibility. 

The  entire  human  brain,  well  named  the  encephalun  (tv  in, 
and  ATf^ciAv,  the  head),  is  a  solid  but  soft  organ^  which  weighs, 
on  an  average,  in  the  female,  about  forty-four,  and  in  the  male, 
about  fifty  ounces ;  ranging  in  the  female,  from  thirty-nine  to 
forty-seven  ounces,  and  in  the  male,  from  forty-two  to  sixty 
oimces.  The  mean  difference  between  the  male  and  female 
brain,  is  about  five  ounces.  The  brain  bears  a  general  propor- 
tion to  the  weight  of  the  body,  and  this  probably  explains  the 
greater  weight  of  the  male  brain  ;  for  in  eighty-one  males,  the 
proportion  of  the  brain  to  the  body,  was  Ibund  to  be  as  1  to 
3G'5,  and  in  eighty-two  females,  very  nearly  the  same,  viz.  as 
1  tu  86*46.     These  were  from  persons  who  had  died  from 
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the  size  of  the  brain,  and  in  the  European,  on  an  average,  mea- 
sures about  80  cubic  inches,  is  in  the  large-bodied  negro,  about 
70  cubic  inches ;  in  the  smaller  Bush  tribes,  about  60  cubic 
inches ;  and  in  the  Hindoos,  also  of  diminutive  stature,  though 
of  fine  organiaation,  it  is  eaid  to  be  as  low  as  47  cubic  inches. 

The  entire  brain,  or  encephalon,  is  made  up  chiefly  of  two 
parts— an  anterior  upper  part  much  larger,  called  the  cerebmrn^ 
or  brain  proper,  fig.  12,  a,  and  a  smaller  posterior  and  in- 
ferior part,  called  the  little  brain  or  cerebellum^  b.  Besides 
these,  there  are  certain  connecting  parts  at  the  base,  consti- 
tuting the  cerebral  peduncles,  the  pone  Varolii,  and  the  medulla 
oblongata.  The  cerebrum  and  cerebellum  are  supported 
at  their  base,  on  certain  stalk-like  parts  called  peduncles, 
from  which  a  sort  of  main  stalk,  formed  by  the  medulla  ob- 
longata, is  prolonged  out  of  the  cranium  into  tlie  spinal*  canal, 
forming  the  spinal  cord.  The  spinal'  cord,  c,  is  a  cylin- 
drical mass  of  nervous  substance,  which  extends  from  the 
opening  in  the  base  of  the  skull,  down  to  about  the  lower  part 
of  the  body  of  the  first  lumbar  vertebra,  where  it  becomes 
pointed,  c,  and  terminates  in  a  slender  membranous  filament, 
which  runs  downwards,  and  is  attached  to  the  lower  part  of 
the  canal  in  the  sacrum.  The  continuation  of  the  spinal  cord 
upwards  within  the  cranium,  towards  the  peduncles  of  the 
cerebrum  and  cerebellum,  is  named  the  medulla  oblongata, 
fig.  60,  m ;  it  is  of  a  pyramidal  form,  having  its  base  turned 
upwards,  and  measures  about  one  inch  and  a  (juarter  in  length. 
Just  above  the  medulla  oblongata,  in  front,  is  a  broad  transverse 
band  of  nervous  substance,  called,  afler  an  old  anatomist, 
the  pons  Varolii]  this  extends  laterally  into  the  cerebellum. 
Issuing  firom  above  the  pons,  are  the  stalks  or  peduncles  of  the 
cerebrum  ;  these  are  continuous  upwards  with  the  cerebrum, 
and  downwards,  tlirough  the  pons,  with  the  medulla  oblongata 
and  cord.  The  cerebellum,  figs.  12  and  60,  6,  is  also  connected 
by  peduncles,  with  the  back  part  of  the  cerebral  peduncles,  the 
pons  and  the  medulla;  thus  its  inferior  pedimcles  attach  it 
to  the  medulla,  its  middle  peduncles  are  formed  by  the  lateral 
extensions  of  the  pons,  and  its  superior  peduncles  join  it  to 
the  back  of  the  cerebral  peduncles. 

Supposing  the  entire  brain  or  encephalon  to  weigh  fifty 
ounces,  the  cerebrum  would  weigh  about  forty-foiw  ounces,  the 
cerebellum  five  ounces,  and  the  pons  and  medulla  oblongata  one 
ounce.  The  proportion  between  the  cerebellum  and  the  cere- 
brum is  therefore  about  1  to  8*8.   In  early  life,  the  cerebellum 
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Ih  much  less  developed  in  proportion  to  the  cerebrum,  the 
ratio  between  the  two  being  then  as  1  to  13  or  15.  The 
cerebellum  acquires  its  maximum  weight  between  twenty-five 
and  forty  years  of  age ;  its  rate  of  increase,  after  fourteen,  is 
proportionally  greater  in  the  female.  In  idiots'  brains,  owing 
to  the  want  of  development  of  the  cerebrum,  the  cerebellum 
is  disproportionally  large,  the  ratio  having  been  found  to  be 
about  1  to  4,  or  even  as  low  as  1  to  2*6.  The  spinal  cord 
weighs  usually,  on  an  average,  one  ounce  and  a  half;  its  pro- 
portion to  the  encephalon  is  therefore  about  1  to  33.  The 
following  numbers  have  been  stated  by  Bourgery,  to  represent 

Fig.  57. 
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halves,  applied  to,  and  united  together,  in  varioiu  ways,  along 
the  middle  line.  Thus,  the  cerebrum  itself,  fig.  57,  is  composed 
of  two  lateral  halves,  called  the  cerebral  hemispheres^  a,  a,  which 
are  united  together,  at  the  bottom  of  a  deep  fissure,  named  the 
longitudinal  fissure,  by  a  thick  trsnsverse  band  of  nervous 
substance,  called  the  corpus  callosum^  which,  however,  passes 
across,  between  the  hemispheres,  in  only  a  certain  middle  por- 
tion of  their  extent,  so  that  the  latter,  as  shown  on  a  hori- 
zontal section,  fig.  58,  a,  a,  are  completely  separate,  in  fix>ntand 
behind  it.  It  is  in  this  longitudinal  fissure  that  the  fiilz 
cerebri,  fig.  9,  /,  dips  down ;  whilst  the  tentorium  is  placed 

Fig.  68. 


Fig.  58.  Ilorizontal  section  through  the  cerebrum,  to  show  the  mode  in  which 
the  two  lieniisphercs,  a,  a,  are  joined  together  by  the  transverse  band  of 
white  sulxstancc,  named  the  corpus  calloeum.  In  Tront  and  behind  this,  the 
longitudinal  fissure  separates  the  two  hemispheres.  6,  b,  is  the  section  of 
the  cortical  substance ;  a,  a,  of  the  medullary.  The  section  also  shows  tlie 
depth  of  the  sulci,  between  the  convolutions. 

horizontally,  between  the  hinder  part  of  the  cerebral  hemi- 
spheres and  the  iipper  surface  of  the  cerebellum.  At  the  base 
of*  tlie  cerebrum,  its  hemispheres  are  further  connected  by  their 
respective  peduncles,  which  are  themselves  united  together  in 
the  middle  line.  Within  the  hemispheres,  and  between  the 
corpus  callosum  above,  and  the  diverging  peduncles  below,  are 
certain  cavities  in  the  interior  of  the  cerebrum,  called  the  ven- 
trichs ;  these  cavities  are  roofed  in,  as  it  were,  by  the  substance 
of  the  hemispheres,  and  by  the  corpus  callosum,  and  are  also 
closed  below  by  the  diverging  peduncles,  at  the  sides  by  the 
hemispheres,  and  in  front  by  nervous  substance  passing  down 
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from  the  corpus  callosnm  to  the  peduncles ;  but  posteriorly, 
they  are  open,  so  as  to  communicate  with  the  surface,  and 
admit,  into  the  interior  of  the  ventricles,  an  extension  of 
the  vascular  covering  of  the  brain,  or  pia  mater,  together  with 
many  large  bloodvessels. 

Each  cerebral  hemisphere  is  described  as  consisting  of  cer- 
tain part  called  lobes,  which  were  formerly  named  anterior  or 
frontal,  middle  or  parietal,  and  posterior  or  occipital.  The  an- 
terior lobe  was  said  to  be  separated  irom  the  middle,  by  a  deep 
fissure,  seen  on  the  side  of  the  brain,  named  the  Sylvian  fissure, 
but  the  limits  between  the  middle  and  posterior  lobes  were 
arbitrarily  fixed  by  different  anatomists,  according  to  their 
position  in  regard  to  the  cerebellum.  Certain  well-marked 
fissures,  which  have  been  observed  on  the  outer  and  inner 
surface  of  the  hemispheres,  serve  however  to  divide  its  mass 
more  definitely  into  such  lobes.  For  example,  one  long  fissure, 
called  the  fissure  of  Rolando  (see  description  of  fig.  57),  passes 
obliquely  fonvards,  from  a  little  distance  behind  the  vertex, 
and  separates  an  anterior  or  frontal  region  from  a  middle  or 
parietal  region,  the  former  nearly  corresponding  with  the  frontal 
lobe,  but  including  a  small  portion  of  the  parietal  lobe.  Further 
back,  another  fissure,  seen  on  the  inner  surface  of  the  hemi- 
sphere (see  description  of  fig.  59),  and  called  the  internal 
perptndkular  fi,*sure,   marks  off  a  posterior  It  the  or  region. 
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reftpectire  groups  of  frontal,  parietal,  temporal,  occipital,  and 
central  The  cimvolutions  of  each  lobe  are  connected  together 
at  the  bottom  of  the  sulci,  and  also  more  or  less  at  their  ends. 
So  also  the  different  lobes  of  the  hemispheres  are  not  distinctly 
severed  from  each  other,  but  are  united  at  the  bottom  of  the 
divisional  fissures,  and  alro  round  the  ends  of  these  fissures. 
On  the  outer  surfhce  of  each  hembphere  in  the  human  brain, 

Fig.  69. 


Fifr.  59.  Lonfritudinal  median  section  throngh  the  liuman  oerebrum,  cerc- 
belhim.  cerebral  peduncles,  pons  Varolii,  medulla  oblongata,  and  part  of 
spinal  cord,  a,  inner  surface  of  the  right  cerebral  hemisphere,  showing  its 
sulci  and  convolutions ;  the  fissure,  running  upwards  and  a  little  backwards, 
above  the  cerebellum,  marks  off  the  occipital  lobe  fh>m  the  parietal,  c,  is 
the  section  through  the  corpus  callosum«  the  large  white  commissure,  which 
connects  the  two  hemispheres ;  below  this,  are  the  ventricles  of  the  brain, 
and  then  the  cut  surface  of  the  right  peduncle;  the  section  of  the  pons 
Varolii,  is  the  part  level  with  the  cerebellum,  d,  the  section  through  the 
oereltellum,  showing  the  branched  white  substance,  penetrating  the  grey 
matter,  and  forming  the  so-called  aHjor  vita.  «,  section  of  the  medulU 
oblongata ;/,  the  same  of  a  part  of  the  spinal  cord. 

owing  to  the  absence  of  the  external  part  of  the  so-called 
perpendicular  fissure  which  exists  more  or  less  maijced  in  the 
Quadrumana  generally,  the  line  of  distinction  between  the 
parietal  and  temporal  areas  or  lobes  in  front,  and  the  occipital 
lobe  behind,  ia  obliterated  by  many  sinuous  bridges  of  nervous 
substance,  called  the  connecting  convolutions.  The  general 
plan  of  the  convolutions  in  the  two  hemispheres  is  the  same ; 
but,  in  point  of  detail,  there  is  a  want  of  exact  symmetry,  a 
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character  which  seems  to  be  associated  with  a  higher  develop- 
ment of  any  given  type  of  cerebrum. 

From  the  preceding  description,  it  will  be  seen  that  the  free 
convoluted  surface  of  the  cerebral  hemispheres,  is  of  enormous 
extent,  in  comparison  with  the  small  surfaces,  which  are  con- 
nected below  with  the  peduncles,  and  across,  from  side  to  side, 
with  the  corpus  callosum.  This  free  surface,  indeed,  occupies  at 
least  five-sixths  of  the  internal  surface  of  the  hemispheres  corre- 
sponding with  the  parts  turned  towards  the  longitudinal  fissure ; 
it  extends  likewise  all  over  the  outer  surface,  and  over  the  base, 
with  the  exception  of  the  comparatively  small  part  connected 
with  the  peduncles.  It  corresponds  with  the  internal  sur- 
faces of  the  frontal,  temporal,  and  parietal  bones,  with  a  por- 
tion of  the  occipital  bone,  and  with  the  upper  sur&ce  of  the 
tentorium. 

The  wbole  of  this  highly  complex  free  surface  of  the  hemi- 
spheres, which  appear  like  efflorescences  upon  the  summit  of  a 
stalk,  fig.  59,  d,  is  composed  essentially  of  cineritioxis  or  grey 
nervous  matter,  here  named  the  cortical  substance,  fig.  58,  5, 
consisting  chiefly  of  nerve  cells,  but  also  traversed  by  a  num- 
ber of  very  fine  white  fibres,  and  extremely  well  supplied 
with  bloodvessels.  The  two  principal  purposes  fulfilled  by 
the  superficial  position  of  the  grey  matter,  and  by  the  great 
complication  of  its  surface,  are  that  of  allowing  a  more  per- 
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sonefl,  or  layers,  in  all.  The  nenre  celli,  also  arranged  in 
layers,  are  most  abundant  in  the  middle  zone,  and  least  so  in 
the  external  one,  in  which  the  white  fibres  are  very  numerous. 
The  nerve  cells  are  provided  with  numerous  branching  oflbetSi 
i.  e.  are  markedly  multipolar.  The  white  fibres  of  the  deepest 
zone  are  chiefly  radiating  in  their  direction,  but  some  also 
pass  parallel  to  the  surface  of  the  cerebrum,  and  so  give  rise 
to  the  appearance  of  zones.  As  the  white  fibres  proceed 
through  the  grey  matter,  they  become  finer,  and  many  of  them 
end  in  the  processes  of  the  nerve  cells.  In  the  external 
zone,  they  are  finest  of  all,  and  many  of  them  again  spread 
out  parallel  with  the  sur&ce,  in  the  paler  streaks  o£  the  outer 
zone,  where  they  form  loops,  or  are  connected  with  nerve  cells. 
The  object  of  the  intricate  arrangement  here  described,  appears 
to  be  to  multiply  the  nerve  fibres,  which,  by  successive  con- 
nection with  layeri!  of  branched  cells,  are  rendered  finer,  at  the 
name  time  that  they  are  enormously  increased  in  number, 
and  form  almost  infinite  communications  amongst  themselveS| 
and  with  the  nerve  cells. 

The  internal  substance,  a,  a,  of  the  hemispheres,  named  the 
medullary  substance,  is  white,  and  is  chiefiy  composed  of  white 
nerve  fibres  of  very  small  diameter,  which  are  ultimately  con- 
nected with  those  found  in  the  cortical  substance.  They  may  be 
regarded  as  foiming  several  systems.  First,  there  is  a  system  of 
short  intrinsic  commissural  fibres  immediately  beneath  the  grey 
matter,  which  connect  adjacent  or  even  remote  convolutions. 
Secondly,  there  exists  another  smaller  but  doubtless  important 
system  of  intrinsic  longitudinal  commissural  fibres,  which  serve 
to  connect  the  several  lobes  of  each  side,  and  also  the  so-called 
optic  thalami  and  other  parts,  with  the  occipital  and  temporal 
lobes.  The  chief  longitudinal  band  constitutes  a  part  called 
the  fornix,  situated  in  the  ventricular  cavities  beneadi  the  cor- 
pus callosum ;  besides  this,  there  are  the  tcenia  semicirculariSj 
also  within  the  ventricles,  and  certain  other  bands  above  the 
corpus  callosum,  and  within  the  convolutions  resting  imme- 
diately upon  it.  Thirdly,  there  is  a  system  of  transverse  com-' 
missural  fibres,  which  pass  from  all  regions  of  one  hemisphere 
to  the  corresponding  regions  of  the  other,  and  form  the  large 
cross  band  called  the  corpus  callosum^  ^f^,  59,  c,  above  the 
ventricles ;  three  other  small  transverse  commissures,  ante" 
j'iory  middle,  and  posterior,  are  situated  in  the  fioor  of  the  ven- 
tricles. Lastly,  there  are  found  fibres,  usually  named  the 
radiating  fibres,  or  ascending  fibres,  but  which,  if  traced  from 


304 


SPECIAL  PnTSIOLOOT. 


the  cortical  substance  of  the  hemiRpheres  downwardfi,  may  be 
called  the  convergent  or  descending  fibrcR.  These  proceed 
from  all  parts  of  the  superficial  grey  matter  of  the  hemi* 
spheres,  and  converge  towards  the  cerebral  peduncles.  Some 
of  these  convergent  fibres  have  been  described  as  crossing 
from  one  hemisphere,  through  the  corpus  callosum,  to  the 
other,  and  then  descending  towards  the  cerebral  peduncles 
of  that  side,  constituting  therefore  a  decussating  system  of 
fibres ;  but  this  is  not  certain. 

Above  the  cerebral  peduncles  are  found,  on  each  side,  two 
large  masses  of  grey  matter,  named  the  coi-pus  striatum  and 
the  optic  thalamus.  The  corpora  striata  lie  in  front  of  the 
optic  thalami ;  both  bodies  partly  project  into  the  ventricular 
cavities,  partly  rest  upon  the  peduncles,  and  have  the  rest  of 
their  suriace  imbedded  in  the  corresponding  hemisphere,  the 
radiating  or  convergent  fibres  of  which,  coming  from  all  direc- 
tions, pass  into  one  or  both  of  these  masses  of  grey  matter, 
but  especially  into  the  corpus  striatum,  which  hence  pre- 
sents a  streaked  appearance  on  a  section,  as  its  name  implies. 
It  was  formerly  supposed  that  the  convergent  fibres  from  the 
hemispheres,  traversed  these  large  masses  of  ganglionic  grey 
matter,  and  became  directly  continuous  with  fibres  in  the 
cerebral  peduncles,  the  pons,  the  medulla  oblongata,  and  the 
spinal  cord.  But,  according  to  the  most  recent  view,  the  fibres 
proceeding  downwards  from  the  eorticjil  siibsuince  of  the  hemi- 
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tention.     ThuSy  on  the  under  snr&ce  of  eaoh  flKmtal  bbe,  ia 
found  a  small  elongated  oblong  nuuB  of  grey  matter,  called  the 
olfactory  lobe,  which  is  attached  by  a  narrow  white  peduncle, 
^reading  backwards  into  three  bimdles,  to  the  imder  sur&oa 
of  the  fiontal  lobe,  and  to  certain  adjacent  parts  at  the  base 
of  the  cerebrum,  in  front  of  the  Sylvian  fiiiBure ;  it  is  from 
these  ol&ctoiy  lobes,  that  the  proper  ol&ctory  nerves,  or  nerves 
of  smell,  are  given  off  to  the  nose  on  each  side.     Again,  resting 
on  the  back  part  of  the  conjoined  cerebral  peduncles,  over- 
hung by  the  posterior  border  of  the  corpus  callosum,  and 
attadied  by  white  iibrous  nervous  substance,  to  the  optio 
thalami,  to  the  cerebellum,  to  the  cerebral  peduncles,  and  to 
the  medulla  oblongata,  are  four  small  eminences,  named  the 
corpora  quadrigeminaj  two  on  each  side  of  the  middle  Hue,  and 
aU  blended  together.     They  are  white  on  their  suz&ce,  but 
are  composed  of  grey  matter  intermixed  with  many  white 
fibres,  running  transversely,  obliquely,  and  longitudinally :  it  is 
from  these  that  the  optic  tracts,  or  roots  of  the  optic  nerves,  or 
nerves  of  sight,  chid9y  take  their  origin.     Two  other  little 
grey  masses  on  each  side,  named  corpora  geniculata^  are  also 
found  in  connection  with  the  tract  or  root  of  each  optic  nerve. 
Supported  above  the  corpora  quadrigemina,  is  a  little  conical 
body,  attached  by  minute  white  pedicles,  to  the  surface  of  the 
optic  thalami ;  it  is  named  the  pineal  body  or  pineal  gland^ 
and  was  supposed  by  the  celebrated  Des  Cartes  to  be  the  seat 
of  the  soul.    It  is  larger  in  the  child  and  in  the  female,  than  in 
the  male  ;  it  contains  two  or  more  cavities,  usually  filled  with 
a  viscid  fluid,  and  gritty  matter,  acertmlus  cerebri,  composed 
chiefly  of  aggregations  of  the  so-called  amyloid  bodies,  mixed 
with  earthy  and  a  little  animal  matter.     The  substance  of  the 
pineal  body,  contains  pale  roundish  cells,  and  a  few  nerve 
fibres.     Lastly,  projecting  downwards  from  the  base  of  the 
brain,  between  the  diverging  cerebral  peduncles,  and   con- 
nected with  the  floor  of  the  ventricular  cavities,  is  a  tubular 
peduncle,  which  supports   a  nut-shaped   mass,   named    the 
pituitary  body  or  hypophysis  cerebri.     It  weighs  from  five  to 
ten  grains,  and,  in  the  adult,  is  solid  and  firm.  It  is  composed 
of  an  anterior  larger,  and  a  posterior  smaller   and  d^per- 
coloured  lobe,  both,  however,  being  very  vascular.  The  anterior 
lobe  especially,  has  been  found  to  present  a  structure  resem- 
bling somewhat  closely,  that  of  the  thyroid  body,  which  is  one 
of  the  so-called  ductless  glands.   (Sharpey.)     In  the  posterior 
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lobe,  a  few  nerve  tubes  are  found.  The  use  of  this  body, 
and  that  of  the  pineal  gland,  are  entirely  unknown. 

In  front  of  the  pituitary  body,  the  optic  tracts  of  the  two 
sides  coalesce,  or  decussate,  to  form  the  optic  commissure^  from 
which  the  right  and  left  optic  nerves  then  proceed  forwards 
to  the  eyeballs.  It  remains  to  be  added,  that  in  the  interior 
of  the  cerebral  peduncles,  which  are  composed  of  white  sub- 
stance externally,  there  is  also  diffused  a  large  quantity  of  grey 
or  ganglionic  norve  substance. 

The  ventricles  of  the  cerebrum,  mentioned  so  frequently 
above,  are  five  in  number,  and  were,  by  the  old  anatomists, 
considered  of  special  importance,  and  to  be  the  residence  of 
what  were  then  called  the  animal  spirits ;  but  tliey  are  really 
the  remains  of  a  simple  cavity,  formed  by  the  folding  back  of 
the  hemispheres,  in  the  progress  of  tlieir  development,  and 
gradually  complicated  in  shape,  owing  to  the  projection  of  the 
corpora  striata  and  optic  thalami  into  them,  and  to  the  exten- 
sion of  the  white  cerebral  substance,  in  various  directions, 
round  about  them.  As  already  stated,  they  are  roofed  in  by 
the  corpus  callosum,  and  by  its  lateral  extensions  into  the 
hGniis[)heres ;  whilst  in  front,  at  the  sides,  and  below,  there  are 
the  corpora  striata  and  optic  thalami,  the  cerebral  peduncles, 
and  certain  layers  of  nervous  substance  connecting  those 
parts.  The  two  largest  chambers  of  these  ventricular  cavities, 
are  the  two  lateral  ventricles,  right  and  left,  one  belonp:inji:  to 
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ihe  lateral  ventricles,  and  with  the  fourth  ventricle  to  be  pre- 
sently noticed.  The  fifth  ventricle  is  a  small  independent 
cavity,  situated  in  a  septum  of  nervous  substance,  found  be- 
tween the  two  lateral  ventricles. 

The  cerebellum.  This  part  of  the  encephalon  rests  upon 
the  occipital  bone  behind  the  foramen  magnum,  and  is  covered 
by  the  tentorium.  It  consists,  like  the  cerebrum,  of  two 
hemispheres,  which,  however,  are  more  extensively  united 
than  tiiose  of  the  cerebrum,  and  in  a  different  manner,  by  a 
median  portion,  similarly  constructed  to  the  hemispheres  them- 
selves, and  forming,  on  the  upper  and  under  surfi^e,  the  so- 
called  middle  lobe,  or  superior  and  inferior  vermiform^  or 
worm-like  processes ;  a  slight  notch  marks  off  the  hemispheres 
in  front  and  behind.  Each  hemisphere  is  composed  of  smaller* 
parts  or  lobea^  separated  from  one  another  by  deep  crescentie 
iissures.  These  lobes,  as  well  as  the  vermiform  processes,  are 
highly  subdivided  on  their  sides  and  sur&ce,  by  crescentie 
frmrows,  or  «ii/ct,  into  numerous  parallel,  thin  lamina^  some  of 
which  may  be  traced  continuously  over  the  vermiform  pro- 
cesses, from  one  hemisphere  to  another. 

The  superficial  part  of  the  cerebellum,  even  of  its  minutest 
lamina;,  many  of  whicli  are  hidden  at  the  bottom  of  the  prin- 
cipal sulci,  consists  of  grey  or  cineritious  matter,  named,  as  in 
tlie  cerebrum,  the  cortical  substance.  It  is  composed  of  large 
multipolar  nerve  cells,  mixed  with  white  fibres,  and  arranged  in 
thin  strata.  The  interior  of  tlie  cerebellum  consists  of  white  or 
medullary  substance,  which  projects  into  the  various  lobes,  and 
thence  again,  in  the  form  of  thin  plates,  into  the  multitu4inous 
lam i  nee  ;  hence  a  vertical  section  tii rough  the  cerebellimi,  made 
across  its  lamina;,  presents  a  beautiful  arborescent  internal 
white  substance,  surrounded  by  foliated  bendings  of  the  grey 
matter,  an  appesirance  which  has  been  named  the  arbor  vitce^ 
or  tree  of  life^  fig.  59,  d.  Imbedded  in  the  white  substance 
of  eJich  hemisphere,  is  a  plicated  or  folded  sac  of  grey  matter, 
open  in  the  direction  of  the  peduncles  of  the  cerebellum,  and 
having  white  substance  in  its  interior.  Owing  to  the  indented 
grey  line  which  they  present  when  cut  through,  these  masses 
of  grey  matter,  are  named  the  corpora  dentata  of  the  cere- 
bellum. The  y)eduncles  of  the  cerebellum,  composed  of  white 
fibres,  form  three  sets,  as  follows  : — ^First,  a  superior  pair  of 
peduncles^  which  pass  upwards,  at  the  back  of  the  cerebral 
peduncles,  to  the  corpora  quadrigemina  and  adjacent  parts; 
the  white  fibres  of  these  peduncles,  chiefly   issue  from   the 
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interior  of  the  corpora  dentata.  Secondly,  a  middle  pair,  which 
cross  below,  and  embrace,  the  peduncles  of  the  cerebrum,  and 
so  form  the  pons  Varolii.  Lastly,  an  inferior  pair,  which  pass 
down  to  the  sides  and  back  of  the  medulla  oblongata,  of  which 
they  form  the  so-called  restiform  bodies,  and,  by  them,  are 
connected  with  the  posterior  and  lateral  columns  of  the  spinal 
cord.  The  superior  peduncles  of  the  cerebellum,  may  be  said 
to  be  composed  of  longitudinal  commissural  fibres,  uniting  it  to 
a  part  of  the  cerebrum ;  the  middle  peduncles  form  transverse 
commissural  fibres,  which  connect  the  two  cerebellar  hemi- 
spheres together,  and  bring  them  into  relation  with  the  grey 
matter  diffused  in  the  substance  of  the  pons  Varolii,  forming 
in  fact  its  transverse  fibres.  Finally,  the  inferior  peduncles 
are  longitudinal  commissural  fibres,  connecting  the  cerebellum 
with  the  medulla  oblongata  and  spinal  cord.  It  has  been  re- 
cently stated  that  all  the  fibres  of  the  three  peduncles  of  the 
cerebellum,  proceed  fi-om,  or  end  in,  the  interior  of  the  folded 
sacs  of  grey  matter  known  as  the  corpora  dentata  ;  and  that 
it  is  firom  the  outer  surface  of  these  sacs,  that  all  the  fibres 
reaching  to  the  laminated  grey  matter  on  the  surfiice  of  the 
oi^gan,  in  reality  proceed ;  the  fibres  of  the  superior  and  in- 
ferior pedimcles  are  said  to  decussate  within  the  cerebellum  ; 
those  of  the  former,  end  in  a  mass  of  grey  matter,  in  the  back 
part  of  the  cerebral  peduncles ;  those  of  the  latter,  in  the 
grey  nucleus  of  the  olivary  body  of  the  medulla  oblongata. 
(Luys.)     These  statements  require  confirmation. 

Beneath  the  superior  peduncles,  and  bounded  below  by  the 
back  of  the  medulla  oblongata,  is  a  space,  commimicating,  by 
a  narrow  canal,  named  the  aqueduct  of  Sylvius,  with  the  third 
ventricle  of  the  cerebrum,  and  forming  the  so-called  fourth 
ventricle. 

The  Pons  Varolii.  This  part,  already  firequently  mentioned, 
ia  composed  superficially  of  transverse  commissural  white 
fibres,  which  connect  the  two  halves  of  the  cerebellum.  But 
its  deeper  parts  contain,  intermixed,  however,  with  other  trans- 
versey  cirailar,  or  arciform  fibres,  the  numerous  longitudinal 
fibres  which  are  continued  firom  the  base  of  the  cerebrum,  and 
from  the  cerebellum,  to  the  medulla  oblongata.  The  imder- 
most  longitudinal  fibres  connect  the  cerebral  peduncles  with 
the  anterior  pyramids  of  the  medulla  ;  whilst  the  fibres  towards 
the  back  of  the  pons,  partly  serve  to  connect  the  cerebrum 
with  the  posterior  and  lateral  columns  of  the  medulla,  and 
partly  join  the  cerebellum  to  the  restiform  bodies  of  the  latter. 
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In  the  interior  of  tlie  pons  is  founds  moreover,  a  large  quantity 
of  diffused  grey  matter. 

The  medulla  oblongata.  The  medulla  oblongata,  ^g,  59,  e, 
may  be  regarded  as  chiefly  forming  an  extension  downwards  of 
the  peduncles  of  the  cerebrum,  and  of  the  inferior  peduncles 
of  the  cerebellum.  Like  those  parts,  it  consists  of  two  halves, 
which,  however,  are  only  sliglitly  marked  off  from  each  other, 
in  the  middle  line,  in  front  and  behind.  In  front,  is  seen  a 
slight  median  longitudinal  fissure,  which,  moreover,  is  inter- 
rupted by  numerous  obliquely  intersecting  bands  of  white 
nervous  substance.  On  each  side  of  this  fissure,  are  two 
narrow  columns  of  white  substance,  named  the  anterior  pyra- 
mids ;  outside  these,  are  two  oval  eminences,  named  the  olivary 
bodies  ;  external  to  these,  and  therefore  at  the  sides  of  tlie 
medulla,  are,  in  succession,  the  lateral  columns,  the  tubercles 
of  Kolando,  the  restiform  bodies,  and  at  the  back,  on  either 
side  of  the  middle  line,  the  posterior  pi/ratnids.  At  the  back 
of  the  medulla  oblongata,  ilie  restiform  bodies  and  the  pos- 
terior pyramids,  are  seen  to  diverge  as  they  are  traced  upwards ; 
and  the  latter  bound  below  an  angular  space,  which  is  thi}  floor 
of  the  fourth  ventricle.  On  this  floor  are  seen  certjiin  important 
eminences,  two  on  each  side,  formed  by  special  acciunulations 
of  grey  matter,  and  giving  origin  to  large  nerves ;  certain 
white  transverse  streaks,  whicli  are  the  roots  of  the  auditory 
nerves,  are  likewise  seen ;  and,  lastly,  a  pointed  depression, 
directed  downwards  in  the  middle  line,  corresponding  with 
the  tip  of  the  so-called  calamus  scriptoriuSj  and  leading  into  a 
canal  in  the  spinal  cord. 

The  anterior  pyramids  of  the  medulla  oblongata,  are  com- 
posed entirely  of  white  fibres,  and  are  continuous  upwards 
through  the  pons,  with  the  under  part  of  the  peduncles  of  the 
cerebrum, and  downwards  with  the  anterior  tind  lateral  portions, 
or  so-called  column.^,  of  tlie  spinal  cord.  Most  of  the  fibres  of 
the  anterior  pyramids  pass  obliquely  across  the  medijin  fissure, 
partly  to  the  anterior,  but  chiefly  to  the  lateral,  columns  of  the 
opposite  side  of  the  cord,  so  that  the  fissure  here,  is  interrupted, 
as  already  stated,  by  intersecting  bundles  of  fibres,  which  form 
the  so-called  decusmtioji  of  the  pyramids  ;  some  of  these  are 
said  to  pass  down  into  the  y)osterior  piirt  of  tlie  spinal  cord  ;  a 
certain  number  of  the  outenuost  fibres  of  the  pyramids  do 
not  decussate,  but  descend  into  the  anterior  columns  of  the 
cord  on  their  ovra  side.  The  olivary  bodies  consist  intenially, 
of  a  folded  or  plicated  sac  of  grey  matter,  open  towards  the 
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interior  of  the  corpora  dentata.  Secondly,  a  middle  pair,  whidi 
crosrt  below,  and  embrace,  the  peduncles  of  the  cerebrum,  and 
po  form  the  i>on8  Varolii.  Lastly,  an  inferior  pair,  which  pan 
down  to  the  sides  and  back  of  the  medulla  oblongata,  of  which 
thoy  form  the  so-cjilled  restiform  bodies,  and,  by  them,  are 
conncctf^d  with  the  posterior  and  lateral  columns  of  the  spinal 
cord.  The  superior  peduncles  of  the  cerebellum,  may  be  said 
to  bo  composed  of  lotifjitiidinal  commissural  fibres,  uniting  it  to 
a  part  of  the  cerebrum  ;  the  middle  peduncles  form  transverse 
commissural  fibres,  which  connect  the  two  cerebellar  hemi- 
spheres together,  and  bring  them  into  relation  with  the  grey 
matter  diffused  in  the  substance  of  the  pons  Varolii,  forming 
in  fact  its  transverse  fibres.  Finally,  the  inferior  peduncles 
aie  Inngitudinal  commissural  fibres,  connecting  the  cerebellimi 
with  the  medulla  oblongata  and  spinal  cord.  It  has  been  re- 
cently stated  that  all  the  fibres  of  the  three  peduncles  of  the 
cerebellum,  proceed  from,  or  end  in,  the  interior  of  the  folded 
sacs  of  grey  matter  known  as  the  corpora  dentata ;  and  that 
it  is  from  the  outer  surface  of  these  sacs,  that  all  the  fibres 
reaching  to  the  laminated  grey  matter  on  the  surfiice  of  the 
organ,  in  reality  proceed ;  the  fibres  of  the  superior  and  in- 
ferior peduncles  are  said  to  decua<^te  within  the  cerebellum  ; 
those  of  the  former,  end  in  a  mass  of  grey  matter,  in  the  back 
part  of  the  cerebral  peduncles ;  those  of  the  latter,  in  the 
grey  nucleus  of  the  olivary  body  of  the  medulla  oblongata. 
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In  the  interior  of  the  pons  is  fotind,  moreorer,  alarge  quantitjr 
of  difiused  grey  matter. 

The  medulla  oblongata.  The  medulla  oblongata,  fig.  59,  e, 
maj  be  regarded  as  chiefly  forming  an  extension  downwards  of 
the  pedimdes  of  the  cerebrum,  and  of  the  inferior  peduncles 
of  the  cerebellum.  Like  those  parts,  it  consists  of  two  halves, 
which,  however,  are  only  slightly  marked  off  from  each  other, 
in  the  middle  line,  in  front  and  behind.  In  front,  is  seen  a 
slight  median  longitudinal  fissure,  which,  moreover,  is  inter- 
rupted by  numerous  obliquely  intersecting  bands  of  white 
nervous  substance.  On  each  side  of  this  fissure,  are  two 
narrow  columns  of  white  substance,  named  the  anterior  joyra- 
micU ;  outside  these,  are  two  oval  eminences,  named  the  olivary 
bodies ;  external  to  these,  and  therefoite  at  the  sides  of  the 
medulla,  are,  in  succession,  the  lateral  columns,  the  tubercles 
of  Bolando,  the  restiform  bodies,  and  at  the  back,  on  either 
side  of  the  middle  line,  the  posterior  pyramids.  At  the  back 
of  the  medulla  oblongata,  ^e  restiform  bodies  and  the  pos- 
terior pyramids,  are  seen  to  diverge  as  they  are  traced  upwards ; 
and  the  latter  bound  below  an  angular  space,  which  is  the /oor 
of  the  fourth  ventricle.  On  this  floor  are  seen  certain  important 
eminencefl,  two  on  each  side,  formed  by  special  accumulations 
of  grey  matter,  and  giving  origin  to  large  nerves;  certain 
white  transverse  streaks,  which  are  tlie  roots  of  the  auditory 
nerves,  are  likewise  seen ;  and,  lastly,  a  pointed  depression, 
directed  downwards  in  the  middle  line,  corresponding  with 
the  tip  of  the  so-called  calamus  scriptorius,  and  leading  into  a 
canal  in  the  spinal  cord. 

The  anterior  pyramids  of  the  medulla  oblongata,  are  com- 
posed entirely  of  white  fibres,  and  are  continuous  upwards 
through  the  pons,  with  the  under  part  of  the  peduncles  of  the 
cerebrum,  and  downwards  with  the  anterior  and  lateral  portions, 
or  so-called  columns^  of  the  spinal  cord.  Most  of  the  fibres  of 
the  anterior  pyramids  pass  obliquely  across  the  median  fissure, 
partly  to  the  anterior,  but  chiefly  to  the  lateral,  columns  of  the 
opposite  side  of  the  cord,  so  tliat  the  fissure  here,  is  interrupted, 
as  already  stated,  by  intersecting  bimdles  of  fibres,  which  form 
the  so-called  decussation  of  the  pyramids  ;  some  of  these  are 
said  to  pass  down  into  the  posterior  part  of  the  spinal  cord  ;  a 
certain  number  of  the  outermost  fibres  of  the  pyramids  do 
not  decussate,  but  descend  into  the  anterior  columns  of  the 
cord  on  their  own  side.  The  olivary  bodies  consist  internally, 
of  a  folded  or  plicated  sac  of  grey  matter,  open  towards  the 
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centre  of  the  medulla,  and  named  the  earpu$  dMahtm  cf  At 
olivary  body ;  but  there  are  numerous  white  fibreSi  iviAiii,' 
and  around,  this  ganglionic  centre ;  the  external  fibres  an 
continued  downwards  into  the  antezo-latend  oolumns  of  the 
cord,  and  upwards  into  the  under  part  of  the  cerebral  peduncla ; 
the  fibres  which  proceed  from  the  interior  of  the  oorpiu  deo- 
tatum,  ascend  to  the  coipoia  quadrigemina.  The  lofcrsl 
columns^  also  composed  of  white  fibres,  descend  from  die 
cerebral,  and  middle  cerebellar  peduncles,  to  the  sidee  of  die 
cord,  partly  undergoing  decussation  below,  and  fbrminff  a 
transverse  commissure  above,  behind  the  corpora  quadrigemma. 
The  restifomi  bodies  consist  of  white  fibres,  including  a  gang- 
lionic mass  of  grey  matter ;  they  connect  the  inferior  pedmuskB 
of  the  cerebellum  with  the  posterior  and  lateral  columns  of  the 
cord.  The  posterior  pyramids^  composed  of  white  fibres, 
descend  from  the  upper  or  back  part  of  the  cerebral  peduncles, 
to  the  posterior  part  of  the  lateral,  and  to  the  posterior  oolumns 
of  the  cord ;  some  of  these  fibres  are  said  to  decussate  opposite 
the  back  of  the  pons.  Embracing  the  upper  part  of  the 
two  halves  of  the  medulla  oblongata,  are  certain  transrene 
sets  of  fibres,  superficial  and  deep,  named  arcifbrm  fibrea^  which 
serve  to  connect  together,  not  only  the  two  halves  of  the  me* 
dulla,  but  all  its  component  masses  of  grey  matter ;  many  of 
tliese  fibres  are  associated  especially  with  the  corpora  dentata 
of  the  olivary  bodies. 
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pons,  is  white  externally ;  but  it  has  grej  matter  intermixed 
with  all  its  component  puts,  except  with  the  white  fibres  of 
the  anterior  pyramids ;  moreoyer,  the  grey  matter  approaches 
Tery  closely  the  posterior  surfiu»  of  the  medulla,  where  it 
seems,  as  it  were,  to  have  its  interior  opened  out. 

The  spinal  cord.  The  spinal  cord,  fig.  12,  c,  fig.  60,  c,  c, 
a  cylindrical  mass  of  nerve  substance,  forms  the  prolongation 
downwards  of  the  medulla  oblongata.  It  presents  a  shallow, 
open,  anterior  median  fissure,  and  a  deep  close  posterior  median 
fissure,  which  mark  it  off  into  a  right  and  left  half,  imited 
together  by  a  narrow,  deep,  central  commissural  part.  In 
each  half,  are  two  slight  longitudinal  lines,  serving  to  distin- 
guish it  into  what  are  called  the  anterior,  lateral,  and  posterior 
columns,  a  narrow  band  of  the  latter,  next  to  the  posterior 
median  fissure,  being  named  the  posterior  median  columm. 
Opposite  to  the  lower  part  of  the  neck,  and  again  towards 
its  lower  end,  the  spinal  cord  presents  an  increase  of  substance, 
forming  the  cervical  and  lumbar  enlargements  of  the  cord.  At  its 
lower  end,  opposite  the  first  lumbar  vertebra,  it  terminates  in  a 
point,  which  is  fixed  by  a  long  filament,  extending  down  the  spinal 
canal,  to  the  sacrum.  The  spinal  cord  is  composed  of  white 
substance  externally ;  but  on  making  a  transverse  section  through 
any  part  of  it,  it  is  seen  to  contain,  within  the  external  white 
matter,  a  quantity  of  grey  matter.  Quite  in  the  upper  part 
of  the  cord,  this  is  somewhat  diffused  ;  but  in  the  cord  gene- 
rally, it  is  arranged  in  the  fonn  of  two  crescents,  fig.  CI,  A, 
one  in  each  half  of  the  cord,  and  placed  back  to  back,  so  that 
the  horns  of  eacli  crescent  advance  towards  the  shallow 
lateral  longitudinal  linos  seen  on  the  suriace  of  the  cord. 
Again,  quite  at  the  lower  end  of  the  cord,  the  grey  matter  loses 
its  crescentic  ari-angcnient,  and  forms  a  slight  rounded  mass; 
and  the  white  matter,  which  progressively  decreases  in  quan- 
tity from  above  downwards,  at  length  disappears,  and  at  the 
extreme  point,  only  grey  matter  exists.  The  white  matter 
altogether,  forms  about  seven-eighths,  and  the  grey,  one- 
eighth,  of  the  entire  substance  of  the  cord.  The  anterior  horn 
of  each  crescent  is  short  and  thick  ;  whilst  the  posterior  horn 
is  long  and  narrow.  The  posterior  horn  at  its  hinder  and 
outer  part,  is  more  transparent  than  elsewhere,  forming  the 
so-called  gelatinous  portion,  in  which  the  nerve  cells  are  large 
and  multipolar ;  near  the  root  of  this  comu,  on  its  inner  side, 
is  another  peculiar  column  of  grey  matter,  named  the  vesicular 
column.      Tlirou^hout  the  whole  extent  of  the  cord,  the  grey 
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matter  of  the  one  side  m  conncet^d  feith  lb#  |?t^  mutter  of 
tho  otLer,  by  Twhat  is  eaDed  Uie  centtai  ^r^  coinmismtrt,    !i 

Jig.  00. 


Fi|r.  en.  Unilnr  suTihor  or  t«jv  oif  ih» 
«i'f(>brui[],  ind  e«r«4?cllum^  Kttd  of  tfM 
poni  Vir«ilit  mtvA  oiMlulU  c4i]4^ti|(Bl% 
feko  tlip  &nt«flcHr  vtulkw  of  the  fiiiiUiil 
rurd.  to  ihaw  the  mode  t}f  ort^lit<rf  tbi 
cmujAl  tiff¥es  fVom  lb«  hivm  of  Ibt 
hmln.  mnd  ilui  of  Ihe  «|i4fud  umw 

mkplicres,  j&,  rlitht  balf  of  cervbtUnBf 
M,  uit'duLlii  obloui^te;  Mlaof^  tM<iii 
ih  transvene  trblle  mans,  tb^  poii 
¥»rttliL  r,  <^,  Lb«  ipinaJ  oitil*  Mlwiwiiifl 
Its  lervical  iiid  UiiiklMLt-  i'iilfr?oineiit% 
mud  \iM  riH^liiUitl  t«rni&A«^tuiti.  m^ 
o«udAL>t|UiiUf.  fartDed  bf  tlM 
rorit«  of  ilw  lutuknr  luitl  imiotA  iMrvv* 
1  io  v»  lti0  lev  (7ml  cimiiiil  u«n«i^ 
■rJalng  ft^im  thu  Idihi  tif  titv  hmiti  ^rid 
H\dv%  of  tha  nn^lii  !tA  obJongntiik  BcJ^v 
Ibpfc*.  on  puu-h  ulili,'.  ^^4}  the 
tiriieiilii  of  Uk-  ii|JMifi.l  Jiervua,  ctTviai]^ 
don^U  lutiiliiur,  aud  sicr&l.  In  lOiBS 
of  tbese,  til  if  doubb  r^^oi  cui  be  MMB. 
nnd  thi>  8w«lltng  or  gAu^Hioti  c»u  ^H 
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the  centre  of  this  oommimire,  is  ite  central  canaicd&e  qniud 
cord,  a  passage  measiaing  about  -ji^ih  of  an  inch  in  dia- 
meter, and  lined  with  ciliated  colinnnar  epithelinm.  In  front 
of,  and  behind,  the  grey  commissure,  is  a  thin  layer  of  white 
substance,  which  forms  the  bottom  of  the  anterior  and  posterior 
median  fissures.  The  cenrical  and  lumbar  enlargements  of 
the  cord,  are  principally  caused  by  an  increase  of  the  grej 
matter. 

Taking  a  general  view  of  the  brain  and  spinal  cord,  we  see 
that  the  cerebrum  and  cerebellum  are  composed  of  grey 
matter  externally,  which  grey  matter,  especially  in  the  case  oi£ 
the  cerebrum,  forms  a  laige  proportionate  share  of  its  mass. 
On  the  other  hand,  the  cerebral  and  cerebellar  peduncles,  the 
pons  Varolii,  the  medulla  oblongata,  and  the  spinal  cord,  are 
composed  of  white  matter  externally,  and  of  grey  within.  In 
the  interior  of  the  cerebrum  and  cerebellum,  there  is  chiefly 
white  substance ;  whilst  in  the  interior  of  ^e  cerebral  and 
cerebellar  peduncles,  pons,  medulla,  and  cord,  we  meet  with 
grey  matter.  Special  grey  masses,  however,  are  also  found 
in  the  lower  part  of  the  interior  of  the  cerebral  hemispheres, 
resting  upon  the  diverging  and  expanding  peduncles,  viz.  the 
corpora  striata,  optic  thalami,  corpora  quadrigemina,  and  cor- 
pora geniculata.  The  cerebellum  also  has  its  special  internal 
grey  corpora  dentata,  and  so  have  the  olivary  bodies  of  the 
medulla  oblongata.  The  course  of  the  white  fibres  in  the 
medulla  oblongata  and  the  spinal  cord,  and  their  connections 
with  the  masses  of  grey  matter  within  those  parts,  and  vrith 
the  roots  of  the  nerves,  will  be  hereafter  described. 

The  cei-ehro-spinal  nerves.  These  nerves  are  divided  into 
two  sets,  called  the  cranial  nerves,  and  the  spinal  nerves, 
according  as  they  pass  to  their  respective  destinations  through 
openings  in  the  base  of  the  cranium,  or  through  the  inter- 
vertebral foramina  between  the  several  vertebra. 

The  cranial  nerves.  These  consist  of  nine  pairs.  The  parts 
usually  defined  as  the  first  pair,  or  the  olfactory  nerves^  fig.  60, 
1,  are  really  extensions  of  the  cerebrum,  and  should  be  named 
the  olfactory  lobes.  They  are  attached  to  the  anterior  cerebral 
lobe  by  three  roots.  The  true  olfiictory  nerves,  or  nerves  of 
smell,  arise  from  these  lobes ;  they  are  very  numerous,  and 
pass  through  minute  opening:)  in  the  ethmoid  bone,  which 
forms  tlie  roof  of  the  nose ;  within  the  upper  part  of  that  cavity, 
they  spread  out  beneath  the  mucous  membrane,  and  supply 
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branches  which  advance  to  its  surfiice  to  receive  the  stimiiliis 

of  odours. 

The  second  pair,  the  optic  nerves^  2,  or  nerves  of  sights  arise 
on  eacli  side,  by  Hat  white  bands,  named  the  optic  imctSf  the 
fibres  of  which  may  be  traced  from  the  optic  thalamic  oorpon 
quadrigcmina,  and  corponi  geniculata,  and,  it  is  said,  even  ftom 
the  occipitjil  lobes  of  the  cerebral  hemispheres.  These  tzacts 
pass  forwiird  on  the  sides  of,  and  beneath,  the  cerebral  pedancleay 
and  meet  in  front,  as  already  mentioned,  at  the  optic  commismure ; 
from  thi8,  the  optic  nerves  proper  are  given  off  in  front,  and 
pass  through  the  optic  foramina  in  the  sphenoid  bone,  to  enter 
the  bottom  of  the  orl^its,  whence  they  proceed  forwards  to  the 
back  of  the  eyeballs.  There,  each  nerve  piercing  the  thick 
coats  of  the  eyeball,  spreads  out  in  its  interior  to  form  the 
retina,  which  receives  the  stimulating  impressions  of  light.  At 
tlie  optic  commissure,  a  portion  of  the  fibres  of  the  optic  tract 
continue  into  the  corresponding  optic  nerve ;  another  portion 
pisses  over  into  the  optic  nerve  of  the  opposite  side,  thus  form- 
ing a  partial  decussation  ;  certain  transverse  fibres  pass  firom 
one  optic  tract  to  the  other,  doubtless  nmning  back  to  the 
brain  on  each  side ;  whilst  other  transverse  fibres  pass  from 
one  optic  nerve  to  the  other,  serving  to  associate  the  retinas  of 
the  two  eyes ;  these  are  not  directly  continuous  with  the  fibres 
of  the  optic  tracts. 

Tlie  third  pair,  motorc$  oculij  or  motor  nerves  of  the  etfehaH^ 
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distinct  roof 8^  viz.  a  larger,  softer  root,  ^hich  enters  a  cresoentio 
ganglion,  called  the  Gasserian  ganglion^  from  which  the  three 
great  divisions  or  branches  of  the  nerve  are  given  ofT;  and  a 
smaller  and  firmer  root,  which  passes  beneath  the  ganglion,  and 
joins  the  third  division  onlj  of  the  nerve.  Both  the  roots  of 
the  fifth  nerve,  arise  from  the  grey  matter  in  the  pons  and 
medulla  oblongata.  Of  the  three  divisions  or  branches,  the 
Jirst  or  smallest,  the  ophthalmic^  enters  the  orbit,  and  there 
supplies  the  eyeball  and  all  its  appendages ;  it  gives  branches 
likewise  to  the  mucous  membrane  of  the  nose  and  the  adjacent 
sinuseft,  and  finally  supplies  the  skin  upon  the  crown  of  the  head, 
the  forehead,  and  the  root  and  point  of  the  nose,  fig.  62.  The 
second  divinion,  or  superior  maxillary^  supplies  branches  to  the 
lining  membrane  of  the  nose,  and  Eustachmn  tube,  to  the  sinna 
in  the  upper  jawbone,  to  the  palate,  to  the  upper  teeth  and  gums, 
and  to  the  skin  upon  the  side  of  the  nose,  the  chedc,  and  upper 
lip.  The  third,  or  largest  division,  the  inferior  maxillaryj  sap- 
plies  branches  to  the  muscles  of  mastication,  an  important 
branch  to  the  anterior  two- thirds  of  the  tongue,  named  the 
tjustatori/  nerve,  or  nerve  of  taste,  common  sensory  branches 
to  the  lower  teeth  and  gums,  the  floor  of  the  mouth,  and  the 
8kin  of  the  external  t»ar,  temple,  lower  part  of  the  cheek  and 
face,  lower  lip,  and  chin  ;  and,  lastly,  branches  to  a  few  neigh- 
bouring muscles,  and  to  the  parotid  gland.  All  three  of  the 
divisions  of  this  large  nerve,  give  off  sensory  branches;  but 
only  the  third  division  supplies  motor  branches.  The  three 
divisions  of  the  fidh  nerve,  are  connected  by  some  or  other 
of  their  smaller  branches,  with  certain  ganglia  of  the  sympa- 
thetic nerve,  and  also  with  the  facial  nerve. 

The  sixth  pair,  or  abducent  nerves^  abducentes  oculorum,  6, 
arise  from  between  th(i  pons  and  the  medulla  oblongata,  re- 
ceiving fibres  from  both  these  parts.  They  supply  a  single 
muscle  of  the  eyeball,  viz.  the  external  rectus,  which  abducts 
tlie  eye  ;  hence  the  special  name  of  these  nerves. 

The  seventh  pair  of  cranial  nerves,  7,  consist,  on  each  side, 
of  two  portions^  one  sofl,  destitute  of  a  firm  neurilemma,  named 
the  portio  mollis,  the  other  harder  and  round,  named  the  portio 
dura  ;  these  are  distinctly  different  nerves.  The  portio  mollis 
is  the  auditttrif  nerve,  or  nerve  of  hearing ;  it  arises  at  the  back 
of  the  medulla  oblongata,  from  the  floor  of  the  fourth  ventricle, 
and  coursing  forward,  immediately  behind  the  pons,  passes 
from  the  cnuiial  cavity  into  an  opening  in  the  petrous  portion 
of  the  temporal  bone,  named  the  internal  auditory  meatus  or 
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canal,  at  the  bottom  of  wliicli  it  pierces  the  bone  by  minute 
oj)euing8,  and  is  then  distributed  to  the  complicated  chamben 
of  tlie  internal  ear.  The  portio  dura  arises  also  from  the 
medulla  oblongata,  passes,  with  the  portio  mollis,  into  the  iater- 
nal  auditory  meatus,  and  there  communicates  with  it ;  but  it 
tlicn  leaves  that  nerve,  and  escapes  by  a  special  openings  the 
stylo-mastoid  foramen,  through  tlie  base  of  the  skull,  and 
emerges  close  to  the  inner  side  of  the  mastoid  process.  Aa  it 
passes  through  the  temp<>ral  bone,  it  presents  a  gangliform 
swelling  which  is  connected  with  two  neighlwuring  sympathetic 
cranial  ganglia.  It  next  descends  outwards,  behind  the  border 
of  the  lower  jaw,  running  through  and  supplying  the  parotid 
gland,  and  then  dividing  into  numerous  branches  (see  iig.  62), 
like  the  foot  of  a  bird,  hence  named  pes  anserinus  or  gooseV 
foot,  ramifies  over  the  lace,  and  supplies  all  the  facial  muscles. 
It  also  supplies,  i)artly,  the  muscles  of  the  outer  ear,  and  like- 
wise one  little  muscle  of  the  tympanum  or  middle  ear,  and 
gives  off  a  remarkable  branch,  named  the  chorda  tympanij 
which  descends  to  the  submaxillary  salivary  gland,  and  joins 
the  gustatory  nerve. 

The  eighth  pair  of  nerves,  8,  placed  along  the  side  of  the 
medulla  oblongata,  consist  of  three  jwrtions,  which  are  all  given 
off  from  the  grey  matter  within  the  j)osterior  part  of  the  me- 
didla  oblongata  and  spinal  cord.  Tlie  firsts  called  the  glosso- 
phartfmjml  ntfrve*  is  the  snialkat  and  highest ;  it  puBsea  out 
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division  of  the  eighth  pair,  named  the  spiiud  aceesiory  nerye, 
arises,  by  many  funiculi,  flrom  the  lateral  columns  of  the  spinal 
cord,  low  down  in  the  neck,  and  therefore,  from  its  origin,  might 
be  deemed  a  spinal  nerve ;  but  it  ascends  throu^  the  foramen 
magnum  into  the  skull,  receives  additional  roots  from  the  sides 
of  die  medulla  oblongata,  and  then  passes  out  through  the  base 
of  the  sktdl,  into  the  neck ;  here  it  communicates  with  tiie 
pneumogastric  nerve,  and  then  descends  obliquely  downwards, 
and  supplies  chiefly  the  stemomastoid,  and  trapezius  muscles. 
The  glosso-pharyngeal  and  pneumogastric  nerves,  have  each 
ganglionic  masses  upon  their  trunks ;  the  spinal  accessoiy  nenre 
has  no  such  ganglion.  The  ninth  pair  of  cranial  nerves,  9,  or 
hypo^glossal  nerves,  emerge  from  the  firont  of  the  medulla 
oblongata,  between  the  olivary  body  and  the  anterior  pyramid, 
though  their  fibres  arise  deeply  from  grey  matter  at  the  back 
part  of  the  medulla.  The  nerves  pass  mrwards,  out  of  the 
cranium,  through  special  foramina  in  the  occipital  bone,  and, 
entering  the  neck,  run  onwards,  to  be  distributed  chiefly  to 
the  muscles  of  the  tongue.  They  also  supply,  however,  most  of 
the  muscles  in  front  of  the  neck.  In  some  mammalia,  this 
nerve  has  a  small  posterior  sensory  root,  having  a  ganglion 
upon  it,  thus  manifesting  an  affinity  with  the  spinal  nerves, 
next  in  succession  to  it,  which  we  have  immediately  to  de- 
scribe. 

Estimates  have  been  made  of  the  number  of  nerve  fibres 
present  in  several  of  the  cranial  nerves.  The  numbers  in  the 
following  nerves,  which,  as  we  nhall  hereafter  see,  are  motor  in 
function,  are  as  follows — the  third  or  oculo-motor,  15,000;  the 
fourth  or  pathetic,  1,100  ;  the  small  root  of  the  fifth,  9,000  to 
10,000 ;  the  sLxth  or  abducent  nerve,  2,000  to  2,500 ;  the 
portio  dura  or  facial,  4,000  to  4,500 ;  the  spinal  accessory, 
2,000  to  2,500 ;  and  the  ninth  or  hypo  glossal,  4,500  to  5,000. 
Of  the  other  nerves,  the  glosso-pharyngeal  is  said  to  contain 
3,500,  and  the  pneumo-gastric  4,000  small  and  5,000  laiger 
nerve  fibres. 

The  spinal  nerves.  The  spinal  nerves,  arising  from  the 
spinal  cord,  consist  of  thirty-one  pairs,  ^.  60,  arranged  into 
^YQ  groups,  named,  according  to  the  vertebrae,  between  which 
they  pass  out  from  the  spinal  canal,  the  cervical,  dorsal, 
lumbar,  sacral,  and  coccygeal  nerves.  There  are  eight  pairs 
of  cervical  nerves,  twelve  dorsal,  &vq  lumbar,  five  sacral,  and 
one,  sometimes  two,  coccygeal. 

Each  spinal  nerve  arises  firom  the  corresponding  side  of  the 
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spinal  cord,  by  means  of  tuH>  rooiSy  which  connrt  of  bundle^  cr 
funiculi,  springing  from  the  lateral  fbrrows  upon  tiie  oordL 
The  deep  paths  of  these  roots  within  the  cord,  require  to  be 
carefully  studied. 

The  funiculi  which  form  the  posterior  roqt^  larger  and  mora 
numerous  than  those  of  the  anterior  root,  arise  Irom  the  po^ 
tenor  lateral  furrow.  Within  the  cord,  they  may  be  tiaoed 
into,  or  through,  the  posterior  white  columns,  whence  tliej 
proceed  either  downwards,  transversely,  or  upwards,  Ibrming 
three  sets.  The  descending  set  pass  obliquely  downwaidi| 
through  the  grey  matter,  and  eren  reach  the  anterior  bam, 
whence  they  penetrate  the  anterior  white  columns,  Kpreading 
upwards  and  downwards,  many  of  them  entering  the  anterior 
roots  of  the  neighbouring  nerves,  but  some  losing  themaelTea 
in  the  anterior  columns.  The  transverse  set  of  fibres  enter 
the  posterior  horn,  crossing  the  gelatinous  portion  of  this; 
some  join  the  multipolar  cells,  others  pass  between  thenii 
either  into  the  posterior  or  lateral  columns;  others  croH 
through  the  transverse  commissure  of  the  cord,  to  reach  the 
})OKterior  and  lateral  colunms  of  the  opposite  side,  some  being 
traceable,  it  is  said,  to  the  roots  of  the  nerves;  lastly,  some 
end  in  a  network  reaching  towards  the  anterior  comua.  The 
ascending  set  are  partly  continuous  with  the  fibres  of  the 
posterior  columns,  but  most  of  them  pass  obliquely  upYrards 
tiirougb  these  coluninSj  and  ent^er  tlie  grey  Mih^iance,  where 
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a  spinal  ganglion^  or  ganglion  of  the  posterior  root  of  a  spinal 
nerve.  The  anterior  funiculi,  smaller  and  less  rogularly  dis- 
posed, emerge  in  a  similar  manner  from  the  anterior  Jateral 
furrow.  The  anterior  rooty  formed  by  the  gathering  together 
of  these  funiculi,  passes  over,  and  beyond,  the  spinal  ganglion 
of  the  posterior  root,  and  then  joins  that  root  to  form  a  single 
trunk,  which,  passing  out  from  Uie  intervertebral  foramen  at  the 
side  of  the  vertebral  column,  divides  into  anterior  and  posterior 
branches,  which  are  distributed,  the  latter  to  the  muscles  and 
akin  behind  the  spine,  and  the  former  to  the  muscles  and  in* 
teguments  of  the  parts  of  the  body  in  front  of  the  spine,  and  to 
the  limbs;  the  anterior  branches  are  accordingly  generalljr 
larger ;  moreover,  they  form  plexuses,  as  will  be  presently 
mentioned,  and  they  are  all  connected  by  branches  with  the 
sympathetic  nerve. 

The  upper  cervical  nerves  supply  the  deep  and  posterior 
muscles,  and  the  skin,  of  the  heck  and  shoulder.  From  the 
anterior  branches  of  the  third  and  fourth  cervical  nerves,  with  a 
small  ifosciculus  from  the  fiflh,  a  most  remarkable  branch,  called 
the  phrenic  nerve,  runs  down  through  the  thorax,  on  the  sides  of 
the  pericardium,  and  reaches  the  diaphragm,  or  partition  be- 
tween the  thorax  and  abdomen,  to  themuscular  fibres  of  which 
it  is  distributed.  The  lower  cervical  nerves,  which  arise  from  the 
cervical  enlargement  of  the  cord,  and  are  much  larger  than 
the  upper  cervical,  are  chiefly  distributed  by  the  large  anterior 
branches,  to  the  muscles,  the  skin,  and  other  parts  of  the  upper 
limbs,  a  few  branches  being  furnished  to  the  neck  and  trunk. 
The  dorsal  nerves  give  off,  bewdes  some  small  branches  to  the 
upper  limb,  the  intercostal  nerves,  which  supply  the  proper 
muscles  of  the  thorax,  namely,  the  intercostal  muscles,  the  deep 
muscles  of  the  back,  the  upp<*r  part  of  the  muscles  of  the 
abdomen,  and  the  skin  over  the  corresponding  parts  of  the 
trunk.  The  first  dorsal  nerve  assists  in  supplying  the  upper 
limb.  The  lumbar  nerves  supply  the  lower  part  of  the  muscles 
of  the  back  and  abdomen,  the  muscles  within  the  pelvis,  and 
the  muscles  and  skin  of  the  lower  part  of  the  trunk,  of  the  upper 
part  of  the  thigh,  and  the  skin  of  the  inner  side  of  the  thigh  and 
leg,  down  to  the  heel.  The  first  lumbar  nerve  is  sometimes  joined 
by  a  branch  from  the  last  dorsal,  whilst  the  fourth  pertly,  and 
the  fiflh  almo.st  wholly,  descends  to  join  the  large  upper  sacral 
nerves.  The  sacral  nerves  chiefly  supply  certain  muscles  of 
the  pelvis,  those  of  the  back  of  the' thigh,  all  those  of  the  leg 
and  foot,  and  the  parts  of  the  skin  of  the  lower  limb,  not  sup- 
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plied  from  the  nerve  already  mentioned.  Tketwo] 
and  the  three  upper  sacral,  nerves  arise  ftom  the  ImnlMur  «■* 
largement,  and  are  the  largest  of  the  spinal  nerveii  and  indaad 
larger  than  any  of  the  cranial  nerves,  being  tiie  lazvest  nerrw 
in  the  body.  The  coccygeal  nerve$j  the  smallest  of  the  amtin 
series,  supply  the  parts  adjacent  to  the  ooocyz. 

The  roots  of  the  cervical  nerves  within  the  Mpintl  oandi,  am 
short,  arise  at  brief  intervals  fix)m  the  sides  ik  the  oord,  and 
pursue  a  nearly  horizontal  course  to  the  intenpaoei^  <Hr  plioos 
of  exit,  between  the  vertebre ;  but,  in  the  dorad  region^  As 
roots  of  the  spinal  nerves  are  longer  and  more  obliqne ;  aod,  on 
arriving  at  ^e  lumbar  and  sacral  nerves,  as  the  sputal  oud 
itself  terminates  opposite  the  lower  border  of  the  fint  lumfav 
vertebra,  the  roots  of  the  nerves  spring  in  a  crowded  w*"«f* 
from  the  cord,  and,  descending  in  tibe  vertebnl  canal,  en- 
closed within  the  slieath  of  the  cord,  pursue  a  prpgreviT^ 
longtir  and  more  vertical  course,  before  they  reach  tbeir 
resi>ective  intervertebral  foramiaa  of  exit  The  pointed  lower 
portion  of  the  spinal  cord,  together  with  the  rooti  of  the 
lumbar  and  sacral  nerves  descending  from  it,  produces  the  ap- 
pearance named  the  cauda  equina^  or  horse^s  tail,  fig.  60,  tf. 

On  comparing  the  preceding  description  of  the  cranial  with 
the  spinal  nerves,  it  will  be  noticed  that  all  the  sjunal  nenres 
arise  by  tiro  rmts^  \\7„  i\  pt>&l^rlor  gunglioD-liearmg  root, 
and  an  anterior  n>Qt   having    no  ganglioTi^  and  joining    the 
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taco,  .'ind  in  the  union  <>l' the  ])liarynL'"e:il  hivuKtlics  ol'tlic  irl 
] diary niri'al  and  |)neunH»^q;a>iric  nurves.  Smaller  nu.'>]ics  ot 
anastomosis,  or  junctions,  occur  in  the  branches  of  the  same 
nerve,  as  in  those  of  the  olfactory  nerves  beneath  the  nasal 
mucous  membrane,  and  in  the  still  more  microscopic  inter- 
weaving of  the  fibres  of  the  optic  nerve  in  the  retina,  and  of 
the  anditoxy  nerve  in  certain  parts  of  the  internal  ear.  But 
verj  large  and  remarkable  plexusea  are  formed  by  the  an- 
terior branches  of  the  spinal  nerves.  Thus,  the  cervical  plex- 
uses are  formed  between  the  first  tour  cervical  nerves,  at  each 
side  of  the  neck;  the  so-called  brachial  or  axillary  plexuses^ 
fig.  60,  aXy  are  composed  of  branches  of  the  iona  lower 
cervical  and  first  dorsal  nerve,  at  the  root  of  the  neck,  and 
give  off  the  large  nerves  of  the  upper  limb,  fig.  62 ;  the 
lumbar  plexuses^  fig.  60,  /,  are  formed  by  the  four  upper 
lumbar  nerves ;  and,  finally,  the  great  sacral  pleocuseSy  «, 
are  formed  by  the  last  two  lumbar  and  four  upper  saciHl 
nerves,  firom  which  the  very  large  nerves  of  the  lower  limb 
proceed,  amongst  them  the  great  sciatic  nerve,  the  largest 
nerve  in  the  body.  In  these  plexuses,  there  is  an  interchange 
not  only  of  the  funiculi  or  bimdles  of  nerve  fibres,  but  neces- 
sarily of  the  nerve  fibres  themselves,  belonging  to  various 
cranial  or  spinal  nerves.  The  nen^e  fibres  may  pass,  from 
one  nerve  entering  the  plexus,  into  all  the  nerves  given  off 
from  it,  and  this  in  various  degrees  of  intermixture ;  these 
fibres  thcmselveR,  however,  never  divide  and  unite,  but  retain 
their  continuity  from  the  brain,  or  cord,  to  the  localities  of 
tlieir  ultimate  distribution.  Tlie  effect  of  these  plexuses  is, 
that  any  given  nerve  beyond  the  plexus,  contains,  or  is  com- 
IKJsed  of,  norve  fibres  springing  from  a  considerable  length  of 
the  spinal  cord,  and  thus  their  purpose  seems  to  be — Jirst^  to 
establish  a  connection  between  any  one  point  of  local  distri- 
bution and  a  large  extent  of  the  nervous  centres;  and,  secondly, 
U)  connect  many  points  of  local  distribution  with  some  given 
jMjrtion  of  the  nervous  centres.  Thus,  muscles  supplied 
through  such  a  plexus,  are  brought  into  physiological  rela- 
tion with  various  portions  of  the  cord.  In  the  same  maimer, 
nerve  fibres  having  different  endowments,  sensory,  motor,  or 
reflex,  are  hereby  intermixed ;  and,  moreover,  fibres  possess- 
ing tlie  same  endowments,  are  more  widely  distributed. 


322 


SPECIAL  rnrsioLooT. 


The  Sf/mpathetic  Xervctta  System. 

The  st/mpathetic  iiervnus  system  conmstB  of  two  knotted  gan- 
f/fintiated  nervous  cords^  which  are  placed  one  on  each  side  of  the 
vertebral  cohiniii,  in  tlie  neck,  m  the  thorax,  in  the  abdomen, 
and  in  the  ]>elvi8,  fig.  02.  These  cords  are  connected  with  oei^ 
Uun  other  ganglia  situated  deeply  between  the  bones  of  the 
cm  Ilium  and  the  iace,  and  also  with  certain  important  inter- 
lacromentS)  or  sympathetic  plexuses,  and  ganglia,  placed  on,  or 
noar,  the  groat  viscera  in  the  chest  and  abdomen,  and  named 
tlio  prevertebral  sympathetic  plexuses.  By  many  authQ^itie^ 
tlie  ganglia  connected  with  the  trunks  or  roota  of  certun 
cranial  nerves,  and  those  situated  upon  the  posterior  roots  of 
the  spinal  nerves,  are  regarde<l  us  belonging  to  the  fljmpa- 
tlictic  system. 

The  ganglia  of  the  symjmthetic  ore  fewest  and  largest  in 
the  n<>ck,  there  being  only  three,  instead  of  a  number  equal  to 
that  ol*  the  cervical  nerves:  perhaps  a  process  of  fusion  here 
takes  place.  The  superior  cervical  ganglion  measures  at  leant 
\f^  inch  in  length;  there  are  also  a  middle  and  lower  cer- 
vical ganglion,  the  furnier  being  sometimes  absent.  The 
dorsal  ganglia  are  more  regular,  being  usually  twelve  in  nuni- 
l)er,  and  of  more  moderate  size.  The  lumbar  and  sacral 
•ran^dia  become  still  smalKr,  and  lie  in  front  of  the  bodies 


Fig.  «>2.  Tho  norvcs.  On  tho  face  an-l  hcud,  nre  branches  of  th<'  fn  "ifil.  tr=- 
imiiinal.  and  I'ervical  iktvoh.  In  ttio  iick,  arc  the  cervical  uiid  lirachi  ii 
pli'xurtcs  and  ncrvcn.  In  the  thomx  ah  lonicn,  and  jh'IvIm,  im  mi>ii  ih«> 
nk'litsyinijathoticuervr.conKi^tinicofairaiiirlioualcdc'irdconiMvUHlwilK 
the  intcn-ostnl  nerves,  and  itivintc  otF  linincht**  in  front,  to  the  piwcr- 
t<*hral  plrxnscs.  whi<'h  Hupuly  the  viM-era.e.ff.  lli«  hi-nrt,/*,  the  Mtoniai^h. 
X.  thi*  intotinoH,  /.and  the  kidney,  k.  neir  which  Ut  seen  the  lK>I(^' plexuii. 
The  hiuihar  plexus  is  seen  in  the  pelvic. 

y2 
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viz.  the  lenticular  ganglion  in  the  orbit,  the  oHe 

and  the  spheno-palatine  ganglion  behind  the  naaal 

an<l  the  aubmaxillan/  ganglion  situated  on  the  safamazilliiy 

w)  I  ivory  gland;  all  four  ganglia  axe  connected  with  braoelMi 

of  the  fifth  cranial  nerve. 

Of  the  prevertebral  plexiues  of  the  sympathetie,  the  durf 
aro  the  cardiac,  the  solavj  and  the  hypoffostne;  but  dkcn 
are  several  secondary  plexuses,  such  as  Uie  larynffeai^  pka* 
vfingeal^  the  jndmonary^  the  renal^  and  others.  The  cv- 
diac  plexus  is  derived  from  the  descending  cardiac  branches 
of  the  cervical  sympathetic  ganglion,  mixed  with  branches  of 
the  pneuniogastric ;  the  great  solar  plexus  is  situated  in  the 
abdomen,  in  front  of  the  aorta,  and  is  derived  from  the  three 
splanchnic  nerves  proceeding  irom  the  lower  six  thoracie 
^^inglia,  and  from  branches  given  off  from  the  grey  matter 
of  a  large  sympathetic  ganglion,  named  the  solar  ffanglion ;  it 
is  joined  also  by  a  few  terminal  branches  of  the  pneumo- 
gastric  nerves.  The  renal  plexuses  are  derived  partly  from 
the  solar  plexus,  and  partly  from  the  lowest  splanchnic 
nerves;  and  lower  down,  are  the  hypogastric  plexuses  and 
their  off-sets. 

The  branches  proceeding  from  the  various  sympathetic 
ganglia  and  plexuses,  are  thus  distributed.  The  lenticular 
ganglion  receives  fibres  from  the  third,  sixth,  and  fifth  cranial 
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;t!i«l  ar-c  iiu>st    liki-Iy  (listrilnit('<l  'wilh  tln-ni   to  va!-i<»u>  jiarts  nj* 
llii'  Ixxly. 

()!"  till*  cliiet'  j)loxuses,  tlio  cardiac  sends  branches  to  the 
heart,  ti^:.  GO,  h,  and  to  the  great  bloodvessels,  and  from 
these,  others  are  continued  on  to  the  roots  of  the  lungs,  assist- 
ing in  the  formation  of  the  pulmonary  plexuses.  From  the 
aorta,  tlie  s^rmpathetic  nerves  are  continued  on  to  the  great 
arteries,  and  so  on  to  all  the  arteries  of  every  part  of  the 
body.  From  the  solar  plexus,  proceed  the  branches  to  the 
stomach,  «,  intestines,  t,  liver,  kidneys,  k,  and  other  abdo- 
minal viscera ;  each  organ  having  a  secondary  plexus  named 
accordinglv.  The  hypogastric  plexus  supplies  the  pelvic  vis- 
cera and  their  bloodve^isels. 

The  ganglia  of  the  sympathetic  nerve  are  its  proper  centres: 
they  consist  of  coloured  nerve  cells,  mostlVf  it  is  said,  uni- 
polar, or  provided  with  only  one  process;  they  give  origin  to 
the  proper  sympathetic  nerve  fibres,  which  are  nearly  all  of  the 
gelatinous,  or  non-medullated,  kind  (p.  55).  But  the  cords 
which  connect  the  trunks  of  the  sympathetic  with  the  several 
cranial  and  spinal  nerves,  are  whitish  in  colour,  whiter  even 
than  the  branches  given  off  irom  the  sympathetic  to  its  plex- 
uses ;  whilst  the  ultimate  ramifications  on  the  arteries,  are  of 
a  pale  pinkish  hue.  These  last  ramifications,  which,  as  just 
mentioned,  are  commonly  supported  upon  the  small  arteries 
of  the  different  parts  towards  which  they  run,  are  oomposed  of 
a  few  tubular  fibrex,  mixed  with  many  of  the  noo-meauUated 
kind.  They  are  often  connected  with,  and  reinforced  by, 
numerous  additional  minute  ganglia :  this  is  especially  the 
case  in  regard  to  the  arteries  of  the  viscera.  In  the  umbs, 
sympathetic  nerve  fibres  are  probably  blended  with  the 
cerebro-spinal  nerves.  The  final  destination  of  the  sympa- 
thetic nerve  fibres,  whetlier  medullated  or  non-medullated,  is 
not  well  known ;  but  it  is  supposed  that  they  end,  in  part 
at  least,  in  the  muscular  coat  of  the  small  arteries.  Lven  in 
the  subKtance  of  (>ertain  organs,  as,  for  example,  in  tlie  heart  • 
and  lung,  innumerable  minute  visceral  sympathetic  ganglia 
are  met  with ;  and  beneath  the  mucous  membrane  of  the  ali- 
mentary canal,  microscopic  structures,  resembling  grey  nerve 
cells,  are  also  found,  and  are  supposed  to  belong  to  the 
sympathetic  system. 

On  examining  the  course  of  the  fibres  forming  the  connect- 
ing cords  between  the  trunk  of  the  sympathetic  and  the 
cranial  and  spinal  nerves,  which  are  sometimes  r^arded  aa 


....I  usually  n(in-in(M]iilIat<'(l,  | 
of' tlic  corrcspciKlinLj:  spinal  iicrvi'. 
fihrcs   tr<'iii   tlirir  own   spinal  gangl 
lollows  that   the   tihres  of  the  cerebi 
systonis  are  liere  intermingled ;   it 
branches  of  the  nympathetic  nervei 
white  in  the  first  part  of  their  cour 
as  they  get  neanT  to  their  distributi 
tlietic  nerves  probably  contain  a  few 
cerebro-spinal  axis,  so  all  the  cranial 
bably  contain,  in  their  branches  of  die 
thetic  nervous  fibres.     It  must  further 
sympathetic  nervous  system  is  not  to  I 
off-set  from  the  cerebro-spinal  system, 
dependent   of  it;    but   rather   that  it 
apparatus,  having  numerous  grey  nervo 
though  intimately  connected  with,  an<3 
by,  the  cerebro-spinal  system. 


FUNCTIONS  OF   DIFFERENT  PARTS    OF   TiJ 

The  nerves,  whether  cerebro-spinal  ( 
composed  entirely  of  nerve  fibres,  eithei 
are  considered  to  act  merely  as  conducU 
of  the  effects  of  impressions.  The  wh 
stance  of  the  spinal  cord  ♦^ 
Varolii,  th**  — 
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and  its  greater  relative  vascularity  are  conditions  wliich  also 
favour  &is  view.  For  the  continued  activity  of  both  the 
white  and  grey  matter,  it  is  necessary  that  they  shoidd  be 
adequately  supplied  with  healthy  arttorial  blood,  and  be  main- 
tained within  the  limits  of  a  certain  range  of  temperature. 
Imperfectly  oxygenated,  or  imperfectly  decarbonised  blood,  or 
bloK)d  impaired  or  impoverished,  or  poisoned  by  the  natural 
secretions  of  the  body,  or  by  foreign  substances  introduced  into 
it,  is  unfit  for  tlie  healthy  nutrition  of  all  parts  of  the  nervous 
sjTstem,  and  more  or  less  interferes  with,  or  may  altogether 
arrest,  tlieir  functions.  The  temperature  at  which  the  nervous 
system  can  act  properly,  differs  in  the  warm  and  cold -blooded 
animals;  it  is  presumable  that,  in  all  cases,  the  natural 
temperature  of  the  blood  of  the  animal,  is  that  best  fitted 
for  the  functional  activity  of  its  nervous  system.  A  warm- 
blooded animal,  it  has  been  sliown,  cannot  long  survive  at  a 
temperature  lower  than  72^,  nor  yet  above  120°.  The  be- 
numbing effects  of  cold  on  our  sensations,  and  its  ultimate 
fatal  results,  are  well  known,  and  will  be  hereafler  explained. 

Functions  of  the  Cerebrospinal  Nerves. 

That  the  nerves  are  concerned  in  the  functions  of  sensation 
and  motion,  is  suggested  by  the  facts,  that  they  are  very  nume- 
rous in  all  highly  sensitive  parts,  such  as  the  eye,  the  tongue, 
and  the  cutis,  or  true  skin,  and  are  also  abundant  in  tlie 
muscles,  that  they  are  few  in  number  in  the  slightly  sensi- 
tive and  non-contractile  tissues,  such  as  the  ligaments,  tendons, 
and  bones,  the  latter  of  which  have  been  said  to  be  absolutely 
insensible  in  health,  and,  lastly,  that  they  are  entirely  absent  in 
the  iuKcnsible  tissues  such  as  cartilage,  the  cuticle,  and  the  nails. 
The  results  of  accidental  destruction  or  division  of  a  nerve  in 
the  human  body,  and  of  its  section  in  experiments  upon  living 
animals,  afford  direct  proof  of  the  function  of  these  parts;  for 
when  a  nerve,  the  branches  of  which  are  distributed  to  a  sensi- 
tive part,  such  as  the  eye  or  a  jwrtion  of  the  baud,  is  destroyed 
by  disease,  or  divided  by  injury,  or  in  an  experiment,  the  sen- 
sibility, general  or  special,  of  that  part  is  destroyed ;  and  so 
also,  when  a  nerve  ])roceeding  to  certain  muscles,  is  cut  acci- 
dentally or  intentionally,  those  mmtdes  are  paralysed.  If  in 
a  frog,  the  bone  and  all  the  sofl  parts  of  the  thigh,  with  the  ex- 
ception of  the  nerves,  be  cut  through,  sensibility  and  power 
of  motion  are  still  manifested,  in  various  ways,  in  the  parts  so 
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if  fibres  pass  entirely  througb  the  posterior  gmnglion-bearing 
i  root  up  to  the  cord,  the  efferent  or  motor  fibres  paw  from  the 
i  cord  exclusiyely  through  the  anterior  roots.  This  remarkable 
I  natural  separation  or  analysis  of  the  two  sets  of  fibres,  was 
I  discovered  by  our  countryman,  Sir  Charles  Bell,  and  forms  the 
basis  of  his,  and  of  still  later,  discoveries  in  the  functions  of 
the  nervous  system.*  The  doctrine  of  Sir  Charles  Bell  is 
demonstrated  by  the  following  experiments.  If  the  anterior 
root  only  of  a  spinal  nerve  be  cut  across,  sensation  in  llie 
parts  below  remains  unaltered,  but  the  muscles  are  paralysed, 
or  the  power  of  movement  is  lost.  If  the  posterior  sensory 
root  only  be  divided,  sensation  is  lost  in  the  parts  below,  but 
voluntary  power  remains.  If  both  roots  are  divided,  sensation 
and  motion  are  both  destroyed.  Again,  if  the  lower  or  distal 
portion  of  the  divided  posterior  root  be  irritated,  no  signs  of 
pain  or  other  sensation,  and  no  motions,  take  place  in  the  parts 
below ;  but  if  the  upper  or  proximal  end  be  iiritated,  evi- 
dences of  pain  ensue ;  whereas,  if  the  distal  portion  of  the 
divided  anterior  root  be  irritated,  movements  occur  in  the 
muscles  below,  witliout  manifestations  of  sensation ;  but  if  the 
proximal  ix)rtion  Ixi  irritated,  no  movements  in  tliotse  muscles 
take  place.  Sometimes,  however,  irritation  of  the  distal  cut 
portion  of  the  anterior  rootfl,  produces  slight  evidences  of 
pain,  formerly  spoken  of  as  tlie  result  of  recurrent  sensibility j 
and  referred  to  the  existence  of  a  few  recurrent  afferent  fibres 
which  pass  firom  tlie  anterior  root  upwards  along  the  posterior 
root  to  the  cord.  Tlie  pain  which  follows  irritation  of  the 
distal  cut  end  of  the  anterior  root,  has  also  been  attributed  to 
the  excited  cramps  or  movements  being  themselves  the  cause 
of  pain,  by  inducing  irritation  in  the  sensory  fibres  of  the 

*  Experiments  ma<l.'  on  tlio  various  parts  of  the  nervous  system  in 
living  animals,  have  letl  to  the  formation  of  the  most  important  infer- 
ences as  to  the  resipeetive  uses  of  these  parts,  whether  composed  of  white 
or  grey  nt-noius  matter.  Sections  of  various  kinds,  and  stimulation 
before  or  after  sucli  sections,  have,  indeed,  boen  the  chief  methods  em- 
ployed iu  the  investigation  of  the  intricate  problems  of  nervous  action. 
Very  numerous  instances  will  have  to  be  mentioned  in  the  following 
pages.  Wliilst  we  may  designate,  as  cruel  and  profitless,  the  mere  repe- 
tition of  well-knuwn  experiments  upon  living  animals,  with  the  excep- 
tion of  a  few  of  fundamental  importance,  we  must  seriously  maintain 
the  right  of  the  physiologist  to  employ,  and  the  propriety  of  employing, 
the  lower  animals  in  well-considertKl  experiments  for  the  elucidation  of 
those  laws  of  lifi",  which  our  intelligence  prompts  us  to  explore,  and  on  a 
knowledge  of  which  the  alleviation  of  human  suffering  so  largely  depend. 
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niuscles.     Certain  slight  movements  produced  hy  irritation  of 
the  pcrtjterior  roots  are  due  to  reflex  action. 

A<l«litioiial  evidence  of  the  proj)ertiea  of  the  two  roots,  is 
furnished  by  an  experiment  in  which  the  anterior  roots  of  tlie 
thnuj  spinal  nerves  wliich  supply  tlie  hind  1<^  of  a  frog,  are 
divided  on  the  left  side;  whilst  the  posterior  roots  of  the 
oorrespondiijg  nerves,  are  divided  on  the  right  side.  On  then 
l>iiiching  or  cutting  the  left  leg,  or  even  cutting  it  through^ 
evidence  of  pain  is  given  by  the  frog,  in  energetic  motions  of 
every  }\irt  of  the  body,  excepting  those  of  the  limb  itself; 
whereas,  if  the  right  leg  be  pinched  or  cut,  or  even  rut  through^ 
noevidence  of  pain  follows,  and  no  decided  motion,  excepting 
the  twitching  of  the  muscles  that  happen  to  be  divided. 
From  these  and  the  preceding  experiments,  it  becomes  evident 
that  tlie  posterior  roots  of  the  spinal  nerves,  contain  the 
afferent  fibres,  and  convey  the  effects  of  sensory  impressions 
inwards  to  the  cord;  whilst  the  anterior  roots  contain  efferent 
fibres,  and  convey  the  effects  of  motorial  stimuli  to  the  muscles. 
In  the  trunks  and  principal  branches  of  the  nerves,  both  sets 
of  fi])res  are  usually  intermixed.  Hence,  if  a  mixed  nerve 
be  ligatured  at  two  points,  irritation  between  the  ligatures 
produces  no  effect ;  but  if  the  lower  ligature  be  relaxed,  such 
iiTitation  produces  movements  in  the  muwles  to  which  the 
branches  of  the  Jierve  are  distributed ;  w^hilst,  if  the  upper 
ligature  be  ktosened,  pain  ensues  on  like  iiTitation.     In  the 
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Animals,  and  obaenrations  made  in  canen  of  injury  or  disease 
in  man.  In  this  vray,  the  properties  of  the  several  cranial 
nerves  have  been  determined,  and  the  nerves  themselves  have 
been  clansified  accordingly.  Thus,  the  ol&ctory,  the  optic,  and 
the  portio  mollis  of  the  seventh  pair,  or  auditory  nerve,  are 
purely  and  npecially  sensory,  and  contain  afferent  fibres  <xdy ; 
the  third  pair,  oculo-motor,  or  motor  nerves  of  the  eye,  uie 
Tourth  pair,  trochlear,  or  pathetic  nerves,  the  sixth  pair,  or 
abducent  nerves,  the  portio  dura  of  the  seventh  pair,  or  facial 
nerve  of  each  side,  and  the  ninth  pair,  or  hypoglossal  nerves, 
are  purely  motor  nerves,  and  contain  efferent  fibres  only; 
whilst,  lastly,  the  fifth  pair  and  the  eighth  pair,  its  thfiBe 
divisions  being  couHidered  as  one  nerve,  are,  like  the  spinal 
nerves,  mixed  sensory  and  motor.  The  fifth  nerve  arises,  in- 
deed, as  we  have  seen,  like  the  spinal  nerves,  by  two  roots,  of 
which  the  larger  one  is  sensory,  partly  serving  fiir  common 
sensation,  and  partly,  it  is  believed,  for  the  gustatory  sense, 
whilst  the  smaller  one  is  motor.  The  glosso-pharyngeal  divi- 
sion of  the  eighth  pair  is  sensory,  partly  tactile,  and  partly 
gustatory ;  the  spinal  accessory  division  is  chiefly  motor,  con- 
taining a  few  sensory  fibres  derived  from  the  pneumogastric, 
whilst  the  great  pneumogastric  itself  is  partly  motor,  and 
partly  sensoiy,  some  of  its  terminal  branches  being  sensoiy, 
and  others  motor. 

The  following  table  shows  briefly  these  relations  :— 


FifHt  Group. — Senson- 


Secoml  Group. — Motor 


CR4NIAL   NKRTRS. 

( First,  or  olfactory. 
.    -I  Second,  or  optic. 

( Auditory  (portio  mollis  of  seventh). 

/  Third  nonre  (motor  of  eye). 
I  Fourth  nerve  (pathetic). 
.   •{  Sixth  nerve  (abducent). 

Facial  (portio  dura  of  seventh). 

\r'   '  


V  Ninth  nerve  (hypoglossal). 

f  Fifth  nen-e  (trigeminal). 
Third  Group. — Mixed  Nerves  i  Eighth    nerve    (including   its    three 
I         divisions). 

The  special  functions  of  these  nerves  are  as  follows: — 
The  olfacton/,  optiCy  and  auditort/  nerves  appear  to  have 
special  endowments,  or  to  react  only  under  the  effects  of 
peculiar  stimuli,  producing  odorous,  luminous,  or  sonorous 
impressions ;  for  no  other  sensations  can  be  produced  by  their 


332 


SPECIAL  FHT8I0L0GT. 


irritation.  Thus,  pinching,  or  ihe  electno  Btimiiluii  does  Ad 
cause  pain,  but  the  sensation  of  light  or  noise,  if  applied  to 
the  optic  or  auditory  nerves.  Pain  may,  howerer,  be  pro- 
duced by  an  excess  of  their  proper  stimuli,  as  by  intante 
light  and  very  loud  noise.  Their  division  destroys  the  fimc- 
tion  of  the  sensory  organs  to  which  they  are  distributed.  It 
has  not  been  proved  tibat  an  ordinary  stimulus,  applied  to  the 
olfactory  nerves,  produces  smell.  Further  detuls  on  theae  sub- 
jects wUl  be  given  in  the  Chapter  on  the  Senses. 

The  third  cranial  or  octtlo-motor  nerve,  governs  all  Ibe 
muscles  of  the  eyeball,  except  the  external  rectos  and  the  • 
superior  oblique  muscle ;  through  its  connection  with  tiie  len- 
ticular ganglion,  it  effects  the  contraction  of  the  pupil,  ex- 
citing tho  circular  fibres  of  the  iris.  This  result  also  follows 
experimental  irritation  of  the  nerve,  whilst  its  division  causes 
dilatation  of  the  pupil  by  paralysing  its  circular  fibresL  It 
uiay  act  as  a  voluntary  nerve,  or  in  the  so-called  reflex  man-* 
ncr,  being  then  excited  through  the  optic  nerve.  It  contains 
a  few  seuHory  fibres,  probably  derived  Irom  communications 
with  the  fifth  cranial  nerve. 

The  fourth  or  pathetic  nerve  supplies  the  superior  oblique 
or  trochlear  muscle  of  the  eyeball,  with  motor  fibres,  which 
may  act  voluntarily,  or  in  a  refiex  manner ;  it  also  contains  a 
few  sensory  fibres. 

The  ili'tli  *«r  trifjaminat  nerve  is  a  mixed  nerve,  through  I 
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this  nerve  through  the  lenticular  ganglion,  are  paralysed ;  the 
latter,  because  some  fibres  from  the  sixth  cranial  nerve  pass 
by  the  ganglion,  and  proceed  at  once  to  the  iris ;  in  the  dog, 
cat,  and  pigeon,  these  effects  do  not  ensue.  The  nasal  muooua 
membrane  becomes  congested  and  bleeds  easily,  and  the  sense  of 
smell  is  diminished ;  common  sensibility,  and  the  sense  of  taste 
at  the  tip  of  the  tongue,  are  also  affected,  thus  apparently  in- 
dicating that  the  linp[ual  branch  of  the  fifUi  nerve  is  a  gustatory 
nerve.  The  connection  of  the  auriculo-temporal  branch  of  this 
nerve  with  the  parotid  gland,  and  of  the  inferior  maxillary 
branch,  through  the  submaxillary  and  sublingual  ganglia,  witn 
the  submaxillary  and  sublingual  glands,  is  of  great  importance 
as  regards  the  functions  of  those  glands ;  for  divinion  of  the 
fifth  nerve  causes  a  diminution,  and  irritation  of  the  nerve,  a 
copious  increase  of  their  secretion.  This  is  explained  by  the 
fact  that  irritation  of  the  filth  nerve  (and  also  of  the  &cial), 
cauMCs  a  dilatation  of  the  nutrient  vessels  of  the  glandii,and  so 
great  an  increase  of  their  activity,  that  they  racrete  an  abim- 
dant  but  thin  fluid.  On  the  contrary,  irritation  of  the  sym- 
pathetic nerve  fibres,  causes  contraction  of  those  vessels,  and 
is  Ibllowed  by  a  scanty  but  much  more  viscid  secretion. 

The  sixth  or  abducent  nerve  is  exclusively  concerned  in  the 
government  of  the  external  rectus  muscle  of  the  eye,  which 
turns  the  eyeball  outwards. 

The  portio  dura  of  the  seventh  nerve,  or  the  facial  nerve, 
is  a  purely  motor  and  secretory  nerve,  any  sensory  fibres 
which  it  contains,  being  derived  from  its  communications  with 
the  fifth  and  the  pneumogastric  nerves.  Its  division,  or  injiu-y, 
is  accompanied  by  paralysis  of  all  the  muscles  of  the  face,  ex- 
coj)ting  tliose  supplied  by  tlie  fillli  nerve,  i.e.  the  masticatory 
muscles.  In  these  cases,  tlie  mouth  is  distorted,  being  drawn 
over  to  the  opposite  side  by  tlie  unparalysed  muscles ;  the  act 
of  blowing  out  a  candle  is  awkwardly  performed,  and  is  ac- 
c<»nipanied  by  a  puiling-out  of  the  loose  and  paralysed  cheek ; 
whistling  is  impossible,  and  the  attempt  to  smile  causes  a 
ludicrous  expression  ;  moreover,  the  eyelids  cannot  be  closed, 
nor  the  skin  of  the  forehead  thrown  into  wrinkles  on  the 
paralysed  side.  The  influence  of  this  nerve  on  the  flow  of 
the  s-iliva  has  just  been  mentioned.  In  paralysis  of  the  orbi- 
cular muscle,  which  serves  to  close  the  eyelids  in  winking, 
the  movements  of  the  eyeball  itself  are  an  imperfect  sub- 
stitute for  the  action  of  the  lids,  in  keeping  the  mucous  mem- 
brane cloiin  and  moist,  and  in  directing  the  supei-fluous  tears 


...  .i-u   lo  i)(*   tJH'   iK'i'vc   <'()iic('riK'<l    in   < 
Lnistiitnrv  iiiiprcs.^iniis  to  tlir  iihmIiiILi,  ni 
ii;iiin(l  llic  <li-'jii-t:it'«i  \-   nti\»'.      .V  ll-w  ( 
\  i/.   i;i()s«.'  ^\lli(.•h  sn{)|ily  ccrUuii  palatal  i 
The    cwjiis   or  piieuinogjistric    nerve 
and  efferent  nerve  from  its  very  origin,  . 
have   supposed,  derive  all   its  motor  fil 
accessory  nerve;    for  irritation  of  the  | 
the  cranium,  before  it  commimicates  with, 
contraction  of  the  muscular  fibres  of  the 
trinsic  muscles  of  the  larynx,  and  of  the  fil 
and  stomach.     It  is  a  sensory,  motor,  an 
motor  nerve.     The  sensations  of  pain,  opp 
the  air  passages,  want  of  air,  hunger,  thii 
dependent  on  this  nerve.    It  hiis  a  regulatir 
functions  of  deghitition,  digestion,  circuhiti 
Division  of  one  nerve  in  the  neck,  ciiuses  t 
ing,  and  interferes  with   the  digestive  pr 
both  nerves  is  iatal,  alter  a  few  liours  or  di 
of  asphyxia.     These  results  indicate,  gene 
this  important  nerve,  which,  however,  is  ah 
neck,  by  branches  from  the  glosso-pharyi 
Hory,  and  hypoglossid  nerves.     Aller  divisi 
left  nerves,  the  sensibility  of  the  larynx  and 
and  the  reflex  movements,  excited  through  tl 
ing,  cease.     Owing  to  paralysis  of  the  lary 
vocal  cords  are  relaxed.  unA  ♦! * 
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mucus,  BO  as  to  prevent  the  passage  of  air  and  the  interchange 
of  gasefs  the  result  being  a  gradual  a^hyxia.  Irritation  of  the 
central  portion  of  the  divided  vagus  nerve,  in  the  neck,  pro- 
ducefT  acceleration  of  the  movements  of  the  inspiratoiy 
muscles,  for  example,  of  the  diaphragm  and  external  inter- 
costals.  The  lower  part  of  the  oesophagus  is  paralysed  bj 
division  of  both  vagi  in  the  neck ;  deglutition  is  impossible ; 
the  food  is  arrested  in  its  descent,  and  is  vomited,  and  if 
again  swallowed  is  once  more  ejected ;  the  movements  of  the 
stomach  are  also  arrested ;  the  food  now  stationary  is  only 
digested  on  its  sur&ce ;  the  secretion  of  the  gastric  juice  is 
merely  diminitihed,  not  arrested ;  absorption  continues  unin- 
terrupted. It  would  appear,  furthermore,  that  the  vagus  has 
a  certain  influence  on  the  movements  of  the  small  and  large 
intestines.  Division  of  both  nerves  accelerates  the  action  of 
the  heart ;  irritation  of  the  distal  portion  of  the  divided  nerve 
diminishes,  or  even  arrests,  it.  Section  of  these  nerves  arrests 
the  formation  of  sugar  in  the  liver ;  this  process,  however,  is 
resumed  on  irritation  of  either  of  the  cut  ends  of  the  nerve ; 
tlie  effect,  in  the  Ctisc  of  irritation  of  the  central  end,  is 
j)ropagated  through  the  nervous  centres,  and  thence  to  the 
syniiKithetic  nerve. 

In  a  bolieaded  criniiniil,  fifteen  minutes  aft;er  execution,  it 
was  found  that  the  auricular  contractions  of  the  heart,  which 
warv  still  GO  to  70  i)er  minute,  were  suddenly  stopped  by  elec- 
trical shocks  jipplied  to  the  left  pneumogjistric  nerve,  the  auricle 
remaining  distended ;  electrical  stimulation  of  tlie  sympathetic, 
re-excited  the  movements.  Hence  it  has  been  supposed  that  the 
vagus  exercises  an  inhibitory  action,  rhythmically  with  respect 
to  the  synij)athetic;  but  weak  electrical  ciurents  applied  to  the 
former  nerve  itself,  rather  (juicken  the  hejirt's  action. 

The  .y)inftl  nccesunrii  nerve  is  not  merely  a  motor  root 
belongintr  to  the  pneuniogastric,  although  it  communicates 
motor  fibres  t-o  that  nerve ;  for  it  contains  itself  some  sensory 
fibres.  The  ex])Osure  of  this  nerve  by  opening  the  cranium,  is 
so  speedily  fatal  to  an  animal,  that  experiments,  for  the  purpose 
of  determinin«r  its  function,  have  been  made  by  tearing  out 
the  nerve.  This  does  not  inijwiir  any  of  Uie  movements 
which  are  rt»gulated  through  the  pneumogsistric  nerve,  such  as 
the  respiratory  movements ;  but  swallowing  is  interfered  with, 
and  when  both  nerves  are  torn  out,  the  voice  ceases,  the 
animal  emitting  only  a  bubbling  noise.  Extirpition  of  one 
.iccessory  nerve  causes  hoarseness.     Thus  it  appears  that  the 


.   ,.,Mi:in('ii.      Irrit.-itKMi  oi'  : 
]>r(><liiot's  cnjitrMrtion-  in  t!i«'  .i'S(.j.]i;ilmi 
;i- v>fl!  ;i>  \\\  ilif  ir:i]H/iii>  aii'l  sicrnoiii 
«  r  tlic  \ .; ju<  arc  [\v>{  (lividt.'d,  only  ihv  \ 
f-Miitraet.   This  is  explained  by  supposing 
the  movements  are  reflex,  and  excited 
contained  in  the  Kpinal  accessory,  whic 
to  the  medulla  oblongata,  and  thence  a. 
Section  of  the  muscular  branches  of*  the 
partially  paralyses  the  trapezius  and  the  si 
both  these  muscles  also  receive  branches 
The  ninth,  last  cranial,  or   hypoglossi 
motor,   receiving,  however,  a  few  senso 
lingual  branch  of  the  fifth,  the  vagus,  and 
nerves.     Pinching  or  galvanising  the  nei 
exit  from  the  cranium,  causes  violent  move 
tongue ;  section  of  the?  nerves  paralyses  i 
tongue,  without  affecting  cither  the  comnio 
gustatory  sense.     Irritation  of  the  distal  po 
nerve,  excites  contractions  in  all  the  lingu 
irritation  of  the  central  j)ortion  still  cx)nnect( 
oblongata,  induces  signs  of  pain,  owing  to 
sensory  fibres  from  other  nerves,  as  above  n 
to  the  cranium.  Wlien  one  hypoglossal  nerv* 
of  origin,  is  affected  by  disease,  the  tongue  ii 
side  only,  and  when  protruded,  the  tip  is  g 
wards  the  side  on  which  the  muscl*>«  '^--^  - 
one  proper  mno-^' 
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ganglionic  centres,  and,  in  the  case  of  the  special  sensory 
nerves,  are  believed  to  be  endowed  with  modified  forms  of 
excitability  or  sensibility.  The  so-named  ganglia  of  origin 
of  the  neires  of  special  sense,  are  very  distinct,  viz.  the  ol- 
factory lobes,  the  optic  lobes,  and  the  auditory  and  gostatoxy 
masses  of  grey  matter  at  the  back  of  the  medulla  oblongata ; 
whilst  the  nerves  of  common  sensation  and  motion,  cranial 
or  spinal,  arise  firom  masses  of  grey  matter,  all  situated  below 
the  optic  thalami  and  corpora  striata.  It  will  be  found,  more- 
over, tiiat  the  sensory  nerves,  or  theur  sensory  roots,  originate 
from  grey  matter  placed  at  the  back  of  the  medulla,  in  the 
course  of  the  great  sensory  tract  of  white  fibres,  and  in  a  line 
with  the  posterior  portion  of  the  grey  matter,  and  the  posterior 
columns  of  the  corid ;  whilst  the  motor  nerves,  or  their  motor 
roots,  spring  firom  other  masses  of  grey  matter,  associated  with 
the  great  anterior  or  motor  tracts,  which  pass  down  from  the 
cerebral  peduncles  to  the  anterior  and  lateral  columns  of  the 
medulla  and  cord.  But  the  sensory  ganglionic  centres  of  the 
Hak  nerves,  disappear  altogether  opposite  the  pons,  so  that  the 
two  motor  nerves  above  ti^is  point,  vis.  the  tnird  and  fi>nrth| 
arise  firom  grey  matter  placed  close  to  the  back  of  the  upper 
part  of  the  cerebral  pedimcles,  near  the  floor  of  the  fourth  ven- 
tricle, the  third  being  higher  up,  some  of  its  fibres  being  even 
connected  with  the  corpora  quadrigemina.  Below  the  senaory 
ganglion  of  the  fifth,  is  that  of  the  glosso-phaiyngeal,  the  two 
masses  touching  and  blending,  and  suggesting  an  explanation 
of  the  common  gustatory  function  of  certain  branches  of  these 
two  nerves ;  below  this,  is  the  sensory  ganglion  of  the  vagus, 
which  lies  immediately  above  the  upper  end  of  the  posterior 
grey  matter  of  the  cord.  In  front  of  these  sensory  ganglia, 
and  nearer  the  centre  of  the  medulla,  are  the  ganglia  of  orig^ 
of  the  motor  cranial  nerves ;  that  of  the  motor  root  of  the  fifth, 
being  found  opposite  tlie  upper  part  of  the  medulla,  in  close 
proximity  with  that  of  the  sixth,  and  the  portio  dura  or 
motor  part  of  the  seventh,  which  lie  below  and  a  little  behind 
it ;  whilst  the  ganglia  of  the  hypoglossal  and  spinal  accessory 
nerves,  are  fotmd  a  little  lower  down,  nearer  to  the  centre  of 
the  medulla,  and  above,  and  in  a  line  with,  the  anterior  grey 
masses  of  the  spinal  cord. 

Each  of  these  ganglionic  centres,  is  independent  as  to  its 
proper  functions,  as  may  be  shown,  in  some  cases,  by  artificial 
sections,  or  by  the  effects  of  disease ;  but,  during  life,  they  are  all 
associated,  and  are  subordinated  to  the  action  of  the  cerebrum. 

z 


..    t.iirci  compound  nerv( 
tivpoirlossnl  is,  arconlini;  to  tliis  vicA 
iicrv*',  soinctlmcs  linviiiL'"   in   ccrtJiin 
tionrd,  a  .^niall  sensory  root.     The  \ 
cranial  nerves  just  described,  pass  ou 
its  component  segments,  as  the  spina 
the  intervertebral  foramina.     Of  the 
the  olfactory,  optic,  and  auditory  pene 
ments,  passing  respectively  through j 
sphenoid,  and  temporal  bones.     The  o] 
are,  indeed,  not  nerves,  but  processes  o 

Functions  of  the  Spinal 

The  functions  of  the  spinal  cord  havt 
be   considered   in   reference   to  sensatic 
motion ;  and  afterwards,  in  regard  to  tli 
peculiar   movements,  which   constitute 
action. 

As  regards  sensation,  the  spinal  core 
only  a  conductor  of  the  effects  of  sens 
when  it  is  divided,  compressed,  or  othei 
eased,  at  any  part  of  its  course,  even  u 
the  parts,  supplied  by  nerves  arising  froi 
injury,  lose  their  sensibility,  no  pain 
pinching  or  otherwise  irritating  them, 
itself  sensitive ;  for,  when  it  is  ({\^'^^-^ 
portion  prodii'"»°  - 
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consciously  felt,  because  they  cannot  produce  any  effect  in  the 
cerebrum  from  which  the  cord  is  severed.  Seeing  that  the 
latter  opinion  is  one  which,  in  the  nature  of  things,  cannot  be 
proved,  for  imless  a  sensation  be  consciously  felt,  it  cannot  be 
positively  known  to  exist,  it  seems  difficult  to  understand  on 
what  experimental  grounds  such  an  opinion  can  be  supported; 
but  we  shall  immediately  have  to  consider  certain  phenomena, 
which  have  been  supposed  to  justify  such  a  view. 

Secondly,  as  regards  voluntary  motion,  experiments,  or  acd* 
dental  injuries  or  disease,  illustrate  the  &ct  that,  in  this  case 
also,  the  cord  is  a  mere  conductor  of  the  effects  of  the  volun- 
tary motorial  stimuli,  and  is  not  a  centre  of  origin  of  such 
stimuli ;  for  all  the  parts  below  a  division,  injury,  or  disease  of 
any  portion  of  the  cord,  are  completely  paralysed,  or  beyond 
the  least  control  of  the  will.  Severe  as  such  an  injury  may 
be  supposed  to  be,  union  of  the  divided  cord,  with  complete 
restoration  of  its  functions,  has  been  observed  in  animals 
experimented  upon,  and,  to  a  certain  extent,  in  cases  of  injury 
or  disease  in  man. 

The  true  sensorium^  or  the  seat  of  the  realisation  of  sensa- 
tions, and  80  also  the  true  seat  or  centre  of  volition^  are  situated 
higher  up  in  the  cerebro-spinal  nervous  centres,  indeed,  some- 
where in  the  cerebrum  itself.  The  effects  of  sensorial  impres- 
sions and  volitional  stimuli,  pass  up  or  down  along  the  cord,  to 
or  from  those  chief  centres. 

We  have  next  to  examine,  what  are  the  paths  within  the 
cord,  which  these  two  sets  of  impressions  pursue ;  in  briefer 
phraseology,  what  are  the  paths  of  sensation^  and  what  are  the 
paths  of  motion,  through  the  cord.  The  gradual  increase  in 
quantity,  of  the  white  matter  of  the  cord,  from  below  upwards, 
favours  the  idea,  that  its  longitudinal  columns  are  channels  of 
conduction  between  the  spinal  nerves  and  the  cerebrum ;  but 
the  structure  of  these  columns,  is  very  intricate,  and  the  grey 
matter,  as  well  as  the  white,  would  seem  to  possess  a  certain 
conducting  power  for  sensory  impressions.  The  minute  details 
of  the  arrangement  of  the  fibres  in  the  spinal  cord,  have  been 
studied,  by  making  sections  of  hardened  cords,  and  then 
examining  them  imder  the  microscope.  By  such  means,  it  has 
been  found  that,  of  the  fibres  of  the  posterior  or  sensory  roots, 
some  ascend  through  the  white  posterior  columns;  others  cross 
through  the  grey  matter  of  the  posterior,  and  even  of  the  ante- 
rior, horn,  then  spread  upwards,  downwards,  and  horizontally, 
and  enter  the  posterior,  lateral,  and  anterior  columns  of  the 
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same  ude,  manj  of  tbem  reachiog  the  anterior  roots  of  As 
same,  or  of  adjacent,  nerves;  another  set  decniito  in  the 
transverse  commissure  of  the  cord,  cross  over  to  the  opposite 
side,  and  end,  either  in  the  gr^  matter,  or  in  the  poBteruTy 
lateral,  or  anterior  columns,  and  even  in  the  anterior  roota  of 
the  opposite  nerves;  finally,  many  terminate  in  the  grej 
matter,  where  they  form  loops,  or  become  connected  wifb  m 
multipolar  ganglionic  cells.  Hence,  these  fibres  serve,  some,  as 
fibres  of  connection  with  the  grey  matter  of  both  aides  of  the 
cord ;  some,  to  associate  different  nerves  of  the  same,  or  of  op- 
posite sides ;  and  possibly  others,  to  connect  the  nerves  direody 
with  the  grey  nervous  centres  at  the  base  of  the  enoephalon. 
Besides  tiiis,  there  probably  exist  transverse,  snd  periiqps 
longitudinal,  commissural  fibres  proper  to  the  cord  itselfl 

Physiological  experiments,  especially  those  made  by  Brown 
Sequard,  by  dividing  some  portions  of  the  oord,  ana  leaiving 
others,  show  that  the  effects  of  sensory  impressicms,  pass  through 
the  white  substance,  for  a  certain  distance,  upwards  and  down-. 
wards,  into  the  grey  matter,  and  then  cross  over  to  the  grey 
matter  of  the  opposite  side  of  the  cord,  and  so  ascend  towaxds 
the  brain.  This  conducting  power  is  said  to  be  greater  in  the 
central  part  of  the  grey  matter,  than  in  the  comna.  The 
path  of  senwitions,  appear  a  to  be  chidly  in  the  grey  matter  f*f  1 


PATHS  or  8XNSATI0N  IN  THE  COBD.  S41 

cord,  in  the  neck  or  back,  senubili^  ceues  on  the  opponte 
side  of  the  body  only,  whilst  motion  in  destroyed  only  on  the 
same  side.  An  additional  remarkable  result  takes  pkoe,  yix. 
that,  on  the  same  side  as  the  cut,  eqiecially  when  this  is  in 
the  posterior  portion  of  the  cord,  the  sensibility  is,  after  a  few 
hours,  much  exalted,  and  remains  so  for  many  days,  or,  to  a 
slight  d^ree,  for  months.  This  effect,  it  is  conjectured,  is 
due  to  a  dilatation  of  the  minute  yessels  of  the  parts  on  that 
side,  through  the  suspension  of  the  action  of  certain  sympa- 
thetic vasi-motor  nerves,  which  are  connected  with  the  injured 
part  of  the  cord.  This  increase  of  sensibili^,  or  hypercBBthena^ 
is  accompanied  by  fulness  of  the  ressels,  and  by  an  eleration 
of  the  temperature  of  the  part.  It  may  be  due  to  simjde  in- 
flammation, propagated  from  the  wounds  inflicted  on  the  cord, 
and  on  the  soft  parts  and  bones,  in  exposing  the  cord  itself. 
It  has  been  seen  after  section  of  the  anterior  or  motor  columns 
alone.  It  has  also  been  stated,  by  able  experimenters,  that  in 
dividing  the  cord  on  one  side,  there  is  a  certain  diminution 
of  sensation  on  both  sides,  but  a  greater  one  on  the  opposite 
side ;  any  remaining  appearance  of  sensation,  in  the  latter  case, 
being  dependent  on  painful  reflex  movements. 

It  is  believed  by  Brown  S<k[uard,  that  different  kinds  of 
sensory  impressions,  have  different  channels,  none  of  which  are 
substitutes  for  the  others — ^touch,  pain,  the  sense  of  temperature, 
and  the  muscular  sense,  each  having  its  own  channel.  Schiff 
also  states,  that  the  liigher  form  of  common  sensibility,  which 
is  named  tactile  isensihility,  as  distinguished  from  a  mere  sense 
of  pain,  travels  up  along  a  different  path,  to  that  of  ordinary 
sensation.  According  to  him,  tactile  sensibility  is  lost  on  the 
cut  side,  so  that  its  path  is  in  the  white  columns  of  the  same 
side,  and  does  not  decussate,  or  pass  over,  to  the  other  side ; 
whereas  the  path  of  common  sensation,  is  through  the  grey 
matter,  in  which  the  impressions  are  diffused  in  various 
directions.  He  further  adds,  that  it  is  the  common  sensibility 
only,  and  not  the  other  forms  of  sensation,  which  is  exalted  on 
the  same  side,  and  diminished  on  the  opposite  side ;  and  that 
this  effect  is  only  temporary.  Some  singular  results  follow  a 
median  section  down  the  spinal  cord.  According  to  Brown 
S^uard,  if  the  cord  be  cut  along  the  middle  line  in  the  lumbar 
region,  sensation  is  lost,  on  both  sides,  in  all  the  parts  below 
the  cut ;  but  if  the  section  be  higher  up,  sensation  is  lost  only 
in  the  parts  supplied  by  nerves  irom  the  corresponding  piece 
of  the  cord,  and  not  in  the  parts  lower  down.     These  results 
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appear  to  show,  that  the  decoBBStion  of  the  paths  of  i 
in  reference  to  all  the  parts  below,  takes  place  in  the  hmbar 
enlargement  of  the  cord,  and  that  therefore  both  aides  are  ^an- 
ly  sed  as  to  sensation ;  whereas,  higher  up,  the  deciissalioii  of  liie 
paths  of  sensory  impressions  from  the  parts  below,  has  already 
taken  place,  and  so  those  are  not  cut  in  the  median  sedioo, 
which  destroys  only  the  decussation  of  the  nerve  roots,  or  aen* 
scry  paths  of  the  adjacent  nerves.  Other  observers  conclude, 
that  this  decussation  of  the  paths  of  sensation,  is  not  quite 
complete,  but  that  some  sensory  fibres  may  pass  up  in  the  grey 
matter,  or  in  the  posterior  white  columns,  of  their  own  aide; 
for  they  have  found  that,  ailer  median  longitudinal  division 
of  the  cord,  some  sensory  impressions  still  pass  up  on  their 
own  side.  (SchifP.)  It  may  be,  that  the  arrangement  of  the 
fibres  of  the  cord,  differs  in  the  different  species  of  anitnulff^ 
which  have  been  the  subjects  of  experiment.  It  will  inune- 
diately  be  seen,  that  a  median  section  down  the  spinal  cord, 
does  not  paralyse  the  muscles,  or  affect  the  voluntary  mov^ 
ments.  It  has  been  foimd,  that  so  perfect,  or  generally  diffbaed, 
is  the  conducting  power  of  the  grey  matter  of  the  cord  tan 
sensory  impressionR,  that  the  smallest  portion  left,  either  in  a 
transverse  or  longitudinal  direction,  is  suficient  to  conduct, 
though  in  a  limited  degree,  sensoiy  impressions  across  to  the 
oppcidte  aiile,  or  in  an  upward  dlrectioru    This  fiicilityof  con- 
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J  Bide ;  and,  finally,  many  end  in  the  gxejr  matter,  where 

they  become  connected  with  the  multipolar  celuu  These  fibres, 
like  those  of  the  posterior  roots,  resdye  themselyes  into  proper 
fibres  of  origin  in  the  cord,  fibres  of  association  of  the  neryea 
of  the  same  and  opposite  sides,  and  longitudinal  fibres,  which 
probably  connect  the  nerves  directly  with  the  encephalon. 

The  path  of  the  voluntary  motorial  stimulus  appears  to  be 
downwards,  through  the  anterior  column  and  adjacent  part  of 
the  lateral  column  of  white  substance,  and  perhaps  through  the 
anterior  comu  and  grey  matter.  When  the  posterior  columns 
are  divided  transversely,  no  apparent  loss  of  volitional  power 
takes  place.  If,  however,  the  anterior  and  lateral  columns  be 
cut  across,  the  parts  below  are  paralysed,  on  the  same  side, 
as  regards  voluntaiy  motion.  K  the  section  be  made  high 
up  in  the  cord,  division  of  the  anterior  white  columns  was 
said,  by  Bell,  to  have  the  same  efiect ;  but  Brown  S^uard 
maintams,  that  in  this  region  the  lateral  columns  convey  the 
yolitional  impulses,  the  grey  matter  being  also  slightly  con- 
cerned in  this  act.  If  the  cord  be  cut  completely  across,  and 
the  cut  end  of  the  lower  portion,  which  is  detached  from  the 
brain,  be  irritated  on  the  section  of  its  antero-Iateral  column, 
convulsive  movements  will  take  place  in  the  muscles  below ; 
but  if  the  posterior  part  of  the  section  be  iriitated,  no  move- 
ments occur.  And  it  may  be  added,  that  if  the  cut  ends 
of  the  anterior  columns  of  the  part  still  in  connection  with 
the  brain,  be  irritated,  no  movement  takes  place ;  whereas,  if 
the  cut  ends  of  the  posterior  columns  be  irritated,  pain  is 
produced. 

A  most  remarkable  accident,  which  occurred  to  a  gendarme 
in  Paris,  has  supplied  experimental  proof  of  the  paths  of 
voluntary  motion  and  sensation,  in  the  human  subject.  He 
was  struck  in  the  back  of  the  neck  by  a  knife;  his  right 
arm  was  slightly,  and  the  right  half  of  the  trunk  and  the 
right  leg  completely,  paralysed,  as  regards  voluntary  motion ; 
whilst  sensation  was  quite  perfect  in  sdl  these  parts.  He  died 
in  four  days.  The  point  of  the  knife  was  found  in  the  ver- 
tebral canal,  having  passed  through  the  arch  of  the  sizth 
cervical  vertebra  on  the  right  side ;  it  had  exactly  divided 
only  the  anterior  column,  the  lateral  column,  and  the  adjacent 
part  of  the  grey  matter  on  the  right  side  of  the  spinal  cord. 

It  remains  to  notice  that,  as  already  observed,  the  median 
longitudinal  section  of  the  cord,  in  animals,  does  not  destroy 
voluntary  motion.     It  should  also  be  remarked,  that  in  certain 
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motion^  and  bed 
been  emploj'ed  to  designate  the  subatai 
conduction  of  niotorial  inij)ulses,  a  pro]) 
wise  believes,  it  can  exert  in  any  directio 

The  sum  of  our  information  on  the  whi 
First,  that  the  paths  of  sensory  impress 
matter  of  the  cord,  the  interposition  of  in 
an  essential  condition  of  sensitive  conduct 
selves  in  the  grey  matter,  they  pass  to  th 
then  ascend  towards  the  brain ;  so  that  th< 
the  lowest  part  of  the  cord.     Secondly, 
voluntary  motion  descend  from  the  brah 
intervening  grey  matter,  but  along  the  ' 
anterior  and   lateral   columns,   perhaps  a 
fibres  lying  in  the  adjacent  grey  matter  of  1 
cord,  and  that  they  do  not  decussate  in  it. 
certainly  cross  over  from  one  side  of  the  cc 
the  anterior  columns ;  but  these,  which  bel< 
roots  of  the  nerves,  are  perhaps  concerned 
not  in  the  voluntary  movements.     This  diflf 
of  sensory  and  motor  impulses  along  the  cc 
sation  of  the  former  within  it,  explain  case 
cord,  in  which  there  are  observed,  musculi 
limb,  and  anaesthesia  or  paralysis  of  sensati 

Considered  as  an  anatomical  question, 
possible  that  all  the  fibres,  either  of  the  sens 
of  the  spinal  nerves,  can  ascend  Hir«»o*U' 
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impressions,  is  probably  accomplished  chiefly  through  the  grey 
matter,  by  indirect  electrotonic  changes  excited  in  it ;  whilst 
the  volitional  impulses  descend  chiefly  through  longitudinal 
fibres,  indirectly  excited  from  above.  The  conducting  power 
of  the  grey  matter,  moreover,  in  both  cases,  seems  now  to  be 
well  established  ;  it  contains,  however,  many  intermixed  white 
fibres.  It  has  been  observed,  that  the  posterior  columns  of 
the  cord  are  highly  sensitive  to  stimuli  on  their  sur&ce,  but 
not  in  their  interior ;  whilst  the  antero-lateral  columns  are 
not  sensitive  either  on  their  surface,  or  in  their  interior. 
(Chauveau.) 

The  preceding  experiments  demonstrate  the  conducting 
properties  of  the  spinal  cord,  both  as  concerns  its  grey  and 
its  whijte  substance,  and  in  reference  both  to  sensory  and  to 
voluntary  motor  impressions ;  and  they  show,  moreover,  by 
the  complete  annihilation  of  voluntary  power  in  the  parts 
below  a  cross  section  through  its  substance,  that  it  does  not 
originate  voluntary  motor ial  stimuli,  nor  effectually  feel  sen- 
sorial impre-ssions.  But,  in  regard  to  motion  in  general,  we 
shall  find  that  tlie  cord  is  a  governing  centre  for  a  particular 
class  of  involuntary  movements^  which  have  repeatedly  been 
mentioned,  viz.  the  reflex  movements  \  and,  in  reference  to  sen- 
sM^ry  i^lpre^?sions,  we  shall  find  that  the  cord,  when  in  a  state 
of  integrity,  can  not  only  conduct  such  impressions  to  the 
common  sensorium,  but  may  also  transfer  them  from  nerve 
to  nerve,  and  cause  them  to  radiate  from  one  branch  of  the 
same  nerve  to  other  branches. 

"j'he  transference  of  sensation  from  one  nerve  to  another, 
through  the  cord,  is  illustrated  by  the  occurrence  of  pain  in 
the  knee  joint,  in  cases  where  the  disease  is  actually  in  the 
hip,  or  by  the  feeling  of  pain  in  the  heel,  when  the  kidney  is 
the  seat  of  irritation,  or  by  the  pains  felt  in  the  limbs,  in 
certain  examples  of  disease  of  the  brain.  In  these  cases,  Uie 
sensory  impressions  are  said  to  be  transferred  from  nerve  to 
nerve,  through  their  connecting  bond  of  grey  substance  in  the 
cord ;  for  they  have  only  been  noticed  where  the  nerves  retain 
their  connection  with  their  proper  grey  centres.  The  radiation 
c»f  sensations  from  one  branch  of  a  nerve  to  another,  is  illus- 
trated in  the  case  of  neuralgic  affections  proceeding  from  a 
local  injury  to  one  branch  of  a  nerve,  say  of  the  skin  of  the 
hand,  and  also  when  a  nerve  entangled  in  a  cicatrix,  or  in  the 
sides  of  a  growing  tumour,  causes  pain,  not  only  in  the  part, 
but  also  along  the  track  of  other  branches  of  the  same  nerve ; 


346 


SPECIAL  PHTSIOLOGT. 


these  phenomena  are  observed  only  so  long  as  the  nerves  are 
in  connection  with  their  grey  centres.  It  is  open  to  ques- 
tion, whether  a  very  powerful  stimulus  to  one  nerve  fibre, 
may  excite  adjacent  fibres,  as,  for  example,  in  the  interlacing 
parts  of  a  ])lexus,  and  so  produce  pain  referable  to  distant 
})arts;  we  liave  elsewhere  seen,  tliat  a  stimulus  applied  to 
one  nerve,  may  communicate  itself  to  a  neighbouring  nerve 
{^p.  2S6).  This  occurs  more  commonly,  when  the  nervous 
centre  connecting  the  nerves,  is  in  a  particular  condition  of 
excitement.  Thus,  in  a  highly  exalted  state  of  the  nervous 
excitability,  as,  for  example,  in  the  condition  of  inilammation, 
or  of  irritation  produced  by  strychnine,  the  ordinary  insulation 
of  the  nerve  fibres,  may,  as  it  were,  be  broken  through,  and 
then  stimuli  applied  to  one  set  of  fibres  may  excite  adjacent 
ones  directly,  without  the  intermediation  of  the  grey  matter  of 
their  common  nervous  centre. 

It  remains  to  notice  the  reflection  of  impressions,  brought  by 
afferent  fibres  to  the  cord,  upon  efferent  fibres  proceeding  from 
the  cord,  producing  what  are  called  refiex  actions  or  move- 
ments, and  constituting  what  is  known  as  the  refiex  excite^ 
viotory  power  of  the  cord.  The  existence  of  such  a  controlling 
or  regulating  power  in  the  cord,  over  the  muscles  supplied  by 
nerves  issuing  from  it,  is  shown  by  the  fact,  that  a  decapitated 
lijiard  or  frog  wiU  remain  st-imding  on  its  fer't^  and  will  mani- 
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on  to  certain  efferent,  or  so-called  motor,  fibres,  and  bo  reachf- 
ing  the  muscles  which  are  excited  to  contract.  This  is 
the  mechanism  of  all  reflex  movements.  All  require  for 
their  execution,  an  afferent  nerve,  an  efierent  nerve,  and  an 
interposed  grey  nervous  reflecting  centre,  or  centre  of  re- 
flection. The  stimulus  excites  the  afferent  nerve,  this  the 
reflex  centre,  and  this  again  the  efierent  nerve;  hence  the 
term  excito-motar,  or  excito-motoxy,  applied  to  the  reflex  phe- 
nomena and  acts.     They  are  also  nam^  auUmatic, 

The  experimental  illustrations  just  given,  in  the  cases  of 
decapitated  animals,  or  of  animals  the  spinal  cord  of  which 
has  been  divided,  show  the  independence  of  these  acts,  of  the 
cerebrum,  or  of  any  cerebral  interference ;  they  prove  accord-* 
ingly,  that  the  spinal  cord  is,  in  regard  to  them,  an  inde- 
pendent centre  of  nervous  action.  These  movements  are 
strictly  involuntary,  and  they  may  occur  quite  independently 
of  sensation  and  consciousness;  they  are  not  irr^^ular  or  oon- 
vidsive  movements,  such  as  follow  the  pinching  or  irritating 
a  motor  nerve,  or  the  motor  columns  of  the  cord ;  but  they 
are  definite  and  regulated  movements,  depending  on  the  dis- 
tribution of  the  afferent  nerve,  to  the  ends  of  which  the  sti- 
mulus is  applied,  and  on  the  particular  efferent  fibres,  upon 
which  the  effects  of  this  stimulus  are  reflected. 

These  reflex  movements  are  even  more  extensive  and  power- 
ful, when  the  s|)inal  cord  is  separated  from  the  brain,  or  seat 
of  volition,  than  when  the  cord  and  medulla  are  still  connected 
with  it.  According  to  some,  this  is  owing  to  the  loss  of  a  con- 
trolling power  exercised  by  the  brain;  but  according  to  another 
view,  it  is  rather  due  to  the  fact,  that,  when  the  cord  is  severed, 
the  whole  force  of  the  excitation  is  necessarily  thrown  upon 
the  ganglionic  centres  of  the  cord  alone.  Keflex  movements  are 
more  easily  excited  by  irritation  applied  to  the  free  extremities 
of  the  afferent  nerves,  as  to  the  skin  of  a  frog,  than  by  stimuli, 
even  of  a  stronger  kind,  applied  to  the  trunks  of  those  nerves, 
though  the  pain  in  the  last  case  may  be  as  great  or  greater. 
This  is  another  proof,  that  there  is  no  necessary  relation  be- 
tween sensation  and  reflex  action.  So  in  cases  of  diminution 
of  sensation,  and  loss  of  voluntary  motion,  in  the  lower  half 
of  the  body,  the  controlling  power  of  the  brain  being  absent, 
the  reflex  action  is  increased,  and  slight  stimulation  of  the 
skin,  unfelt  by  the  person,  produces  more  powerful  reflex 
movements,  than  the  stronger  stimuli  of  pinching  and  prick- 
ing, which  may  be  felt  by  him.     The  phenomena  observed, 


-  ...c*mifsc  themselves,  or  at  first 
subsequently  they  become  stronger,  wh 
cussion,  for  example,  liave  passed  off,  tl 
restore  the  volitional  power. 

Reflex   movements   ordinarily  have 
design,  and  are  therefore  said  to  be  pu 
which,  as  we  shall  frequently  find,  by  nc 
they  are  either  accompanied  by  sensatio; 
will.    Most  frequently,  they  may,  in  gene 
have  a  conservative  object  in  the  animal  et 
example  of  reflex  movements,  perfbrmei 
exhibited  in  the  hinder  limbs  of  the  frog 
which  has  been  divided,  instances  of  refl 
formed  through  the  cord,  may  be  adduced 
ject,  when  unconscious,  as  in  sleep,  or  xm 
chloroform,  or  when  awake,  in  a  state  of 
health.   The  withdrawal  of  the  feet,  when  ti 
the  flinching  of  a  patient  under  chloroform 
irritation  applied  to  the  surface,  also  the 
of  the  foot,  from  the  pricking  of  a  needle,  ai 
drawal  of  the  hand,  on  which  hot  sealing-'' 
instances  of  involuntary  reflex  movement 
different  circumstances.     In  the  two  latt 
sensation  accompanies  the  reflex  acts,  w 
designated  sensari-motor ;  in  the  two  form< 
greater  or  less  approach  towards  a  suspensi 
it  may  not  be  whollv  ln««^   ♦^ ' 
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laceration^  or  softening  of  the  iipinal  cord,  to  such  an  extent 
as  oompletelj  to  destroy  both  yolnntary  power  oyer  the  limb, 
and  likewise  all  sensation  in  it,  violent  rdiex  movements  may 
be  excited,  in  the  so  completely  paralysed  limb,  by  the  apph* 
cation  of  stimuli  to  the  extremities  of  the  afierent  nerves,  as 
by  tickling,  pricking,  or  electrizing  the  skin  of  the  soles  of 
the  feet,  when  a  movement  of  withdrawal  will  take  place,  over 
which  tiie  patient  has  no  control,  as  he  would  ordinarily  have, 
if  the  cord  were  sound,  and  of  which,  as  well  as  of  the  sensa- 
tions which  the  stimuli  are  calculated  to  produce,  he  has  no  per- 
ception or  consciousness  whatever,  provided  his  eyes  be  closed. 
An  instance  is  recorded  by  John  Hunter,  of  a  man  whose 
spinal  cord  was  ruptured.  Being  asked,  when  his  feet  were 
irritated,  whether  he  could  feel  the  irritation  which  excited 
them  to  move,  he  replied,  'No,  but  you  see  mj  legs  do.* 
Such  cases  demonstrate  perfectly,  not  only  the  mvoluntaiy 
character  of  the  reflex  movements  in  question,  but  also  prove 
that  they  may  take  place  without  conscious  sensation.  The 
apparatus  concerned  in  their  production,  is  exactiy  similar  to 
that  of  the  movements  excited  by  irritation  of  the  skin,  in  the 
hind  limbs  of  the  frog,  the  spinal  cord  of  which  has  been  di- 
vided; that  is  to  say,  it  consists  essentially  of  afferent  or  incident 
nerves,  of  a  rejlex  grey  centre^  and  of  efferent  or  motor  nerves. 
In  certain  experiments  on  the  frog,  the  purposive  character  of 
these  movements,  even  where  there  can  be  no  suspicion  of 
volition  or  consciousness,  which  must  be  one  and  indivisible, 
is  well  illuHtrated.  Acetic  acid,  which  powerfully  stimulates 
these  animals,  when  applied  to  the  inner  side  of  the  knee  joint, 
or  to  the  side  of  the  abdomen  of  a  decapitated  frog,  excites 
the  animal  to  rub  that  portion  of  the  skin  with  the  same  foot ; 
and,  if  now  that  foot  be  cut  off,  similar  attempts  ore  then, 
more  or  less  effectually,  made  with  the  opposite  foot. 

Lastly,  the  necessity  for  the  interposition  of  a  reflex  grey 
centre,  between  the  afferent  and  efferent  nerves,  is  shown 
likewise  by  experiment  in  animalfs  and  by  observation  in  cases 
of  injury  and  disease  in  man.  For  if  uie  severed  portion  of 
the  8pinal  cord  in  the  frog  be  destroyed,  as  by  passing  a  wire 
down  the  spinal  canal,  stimulation  of  the  nerves  of  the  skin 
will  no  longer  produce  reflex  movements,  altliough  the  con- 
tractility of  the  muscles,  and  the  excitability  of  their  efferent 
nerves,  still  remain  active,  as  may  be  shown  by  pinching  one 
of  those  nerves,  when  the  muscles,  to  which  it  is  distributed, 
will  immediately  contract.     So,  too,  in  cases  of  disease  of  the 


..  «wv^.^  t-iK^cts  indiroctlv,  tlirouirh  i. 
From    t.hi<,  it  lias  been    inlVrroil   tliat    t 
,L^r<'y  matter,    ar<',   in    souk;    way,  sprcinl 
<»jli('i*   of  r».'lloction,  hut  it  is   not  yet  I 
The  most  prevalent  opinion  is,  that  a  pa 
ends,  as  described  in  page  5G,  in  one  o 
nerve  cell,  and  that  the  efferent  fibre  aris 
cess  of  the  same  cell.     Where  the  cells 
process,  more  than  one  afferent  or  effer 
thought,  be  po  connected  with  it.     Or  a 
cells  may  be  interposed  between  the  incic 
fibresj  and  so  may  extend  or  spread  the  efl 
Again,  it  is  held  by  some,  that  perhaps  the 
grey  matter,  is  effected  by  the  mere  pro> 
fibres  passing  through  it,  between  or  anion^ 
without  there  being  any  direct  connection  I 
A  further  question  arises  as  to  whether 
afferent  fibres  concerned  in  conveying  a  re 
ferent  from  those  afferent  fibres  destined  to  < 
impressions.     It  is  certain  that,  if  this  be 
difference,  between  the  several  afferent  fibr( 
root  of  a  spinal  nerve,  can  be  detected.     It 
however,  that  their  difference  in  function,  thj 
convey  the  effects  of  sensory  impressions  t< 
of  the  cord,  thence  to  be  conducted  to  the 
they  convey  the  effects  of  stimuli  to  the  g 
cord,  thence  to  be  reflector!  r^^  *-  -' 
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obsenration  in  cases  of  disease,  tbat  the  posterior  white 
columns  of  the  cord,  and  the  contiguous  grej  matter,  the 
nerve  cells  of  which  are  peculiar,  maj  have  some  special  rela- 
tion to  the  reflex  function.  The  various  instances,  in  which  the 
spinal  cord  acts  as  a  reflex  nervous  centre,  and  some  further 
points  concerning  these  reflex  movements,  will  be  hereafter 
considered. 

It  remains  to  be  noticed,  that  the  spinal  cord  exercises, 
probably  by  a  continuoiis  reflex  action,  a  permanent  influence 
on  the  muscles,  upon  which  the  so-called  tonicity,  or  tonic  state, 
of  those  organs,  depends ;  for  when,  in  an  animal,  the  cord  is 
destroyed,  or  care^y  removed  from  the  spinal  canal,  all  the 
muscles  become  atonic  or  flabby,  and  the  habitually  contracted 
condition  of  the  sphincters  is  lost  The  rigor  mortis,  never- 
theless, takes  place  as  usual.  This  tonicity,  or  tension,  is 
supposed  to  depend  on  a  slight  but  constant  exercise  of  a 
stimulus,  originating  in  the  cord,  upon  the  entire  muscular 
system.  It  does  not  depend  on  the  brain,  for  decapitated 
animals  will  retain  their  position ;  but  the  limbs  immediately 
become  flaccid  and  Mi  asunder,  when  the  cord  also  is  de- 
stroyed. It  is  from  loss  of  this  tonicity  in  the  paralysed  muscles 
of  the  face,  that,  independently  of  the  will,  the  features  are 
drawn  over  to  the  opposite  side,  by  the  still  healthy  muscles. 
That  this  effect  does  not  depend  on  loss  of  the  contractility  in 
the  paralysed  muscle,  is  shown  by  the  fact  that  the  muscle 
will  still  contract,  on  the  application  of  a  direct  stimulus. 

Irritation  of  the  cord  of  a  recently  decapitated  animal,  in- 
creases considerably  the  force  of  the  hearths  beats;  it  also  acce- 
lerates the  contractions  of  the  intestines,  ureter,  and  bladder, 
and  even  of  the  small  arteries.  These  phenomena  indicate  a 
partial  dependence  of  those  organs  on  the  spinal  cord,  through 
the  intervention  of  the  sympathetic  nerves,  which  constitute  the 
only  channel  of  communication  between  them  and  the  cord. 

Partial  extirpation  of  the  cord  from  animals,  is  borne  for  a 
very  long  time,  and,  in  birds  especially,  is  followed  by  loss  of 
sensibility  and  mobility  in  the  corresponding  parts  of  the  body. 
Complete  removal  of  the  cord,  in  mammalia,  causes  death, 
only  afler  one  or  two  days,  provided  haemorrhage  be  guarded 
against.  Partial  destruction  of  the  cord  by  a  wire  is  much 
more  speedily  fatal,  death  occurring  in  a  few  hours,  and  more 
quickly,  the  nearer  the  injury  to  the  cervical  region ;  total 
destruction  of  the  cord,  by  the  ;same  means,  is  almost  instan- 
taneously fatal. 
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Functions  of  the  Medulla  Oblongata. 

In  a  phy Biological  as  well  as  in  an  anatomical  point  of 
view,  the  medulla  oblongata  is  to  be  regarded  as  a  continuation 
upwards  of  the  npinal  cord;  but  owing  to  the  importance  of 
tlic  organs,  the  nerves  of  which  proceed  from  it,  its  functions 
are  of  greater  consccpience  than  those  of  the  cord.  It  is 
iiirthcr  remarkable  as  being  the  seat  of  the  decussatioHj  or 
crossing  from  one  side  to  the  other,  of  the  paths  of  the  volun- 
tary motorial  stimulus  from  the  cerebrum  above,  to  the  spinal 
cord  below ;  tliis  decua^ation  of  the  motor  tracts,  occurs  almost 
entirely  at  the  lower  part  of  tlio  medulla  oblongata.  (Brown 
Sequard.) 

The  medulla  oblongata  acts,  like  the  cord,  as  a  conductor  of 
the  effects  of  sensory  impressions  upwards,  from  tlie  cord  to 
tlie  cerebrum  ;  the  {vaths  of  such  sensory  impressions,  are  pro- 
bably, on  grounds  of  analogy,  through  the  grey  matter,  and  the 
continuations  upwards  of  the  ascending  fibres  of  the  posterior 
pyramids,  and  not  through  the  rcstifurm  bodies,  whicli  pass  up 
to  the  cerebellum.  These  paths  do  not  again  decussate  in  the 
medulla,  having  already  crossed  over  in  the  grey  matter  of  the 
cord.  The  medulla  oblongata  may,  also,  transfer  the  effects 
of  sensory  impressions,  from  one  nerve  to  another;  as  when 
any  irritation  in  the  atonmch,  acting  on  the  vagi  nerves,  pm- 
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cord,  at  the  so-called  deouflsation  of  the  anterior  pjramida. 
Thus,  in  artificial  division  of  one-half  of  the  iqpinal  ocnd  of  an 
animal,  pamljBis  of  motion  occurs,  as  already  mentioned,  on 
the  same  side  of  the  bodj ;  whilst  if  the  section  be  made 
opposite  the  decussation  of  the  anterior  pyramids,  in  the 
medulla  oblongata,  paralysis  of  the  musdes  follows  oa  both 
sides ;  but  if  ue  section  be  still  higher,  in  the  rery  hi^^ieat 
part  of  the  medulla  oblongata,  the  parslysis  happens  only  on 
the  opposite  side  of  the  body.  These  results  are  confinned  by 
other  experiments,  and  by  observations,  in  disease,  in  man  s 
and  these  are  of  high  importance,  for  sections  of  the  medidla 
oblongata  itself,  especially  of  its  posterior  parts,  are  often  so 
immediately  fiital,  owing  to  its  being  the  centre  for  the  regu- 
lation of  the  respiratory  movements,  that  time  is  not  allowed 
for  the  development  of  the  effects,  as  regards  the  voluntary 
movements.  Thus,  when  one  hemisphere  of  the  brain  is  re- 
moved in  an  animal,  there  is  a  diminution  of  power  on  the 
opposite  side;  and  when  the  peduncle  of  one  hemisphere  is 
removed,  there  is  a  total  Iobs  of  voluntary  power  on  the  opposite 
side  of  the  body ;  so,  again,  effusion  of  blood  into,  or  soften- 
ing of,  the  substance  of  one  peduncle,  or  of  the  parts  above 
it,  in  man,  is  followed  by  paralysis  of  motion,  with  or  without 
paralysis  of  sensation  on  die  opposite  side ;  whereas  paralysis 
of  those  muscles,  the  nerves  of  which  proceed  directly  from  the 
pons  or  peduncles  of  the  cerebrum,  that  is,  from  above  the 
place  of  decussation  of  the  motor  columns  in  the  medulla 
oblongata,  is  on  the  same  side  as  the  injury  or  disease ;  for 
example,  cases  of  extravasation  of  blood  into  the  left  corpus 
striatum,  or  left  hemiHphere  of  the  brain,  exhibit,  during  life, 
paralysis  of  the  right  limbs,  but  usually  of  the  muscles. of 
the  left  side  of  the  face ;  there  may  sometimes  be  paralysis  of 
the  opposite  side  of  the  face  also,  the  reason  of  which  is  not 
known.  Decussation  of  the  paths  of  the  voluntary  motorial 
stimulus  in  the  medulla  oblongata,  is  thus  abundantly  proved. 
Many  reflex  functions  are  performed  by  the  medulla  ob- 
longata, in  common  with  the  spinal  cord.  The  afferent  nerves 
connected  with  it,  supply  all  the  important  surfaces  and  organs 
at  the  upper  part  of  the  body ;  viz.  the  skin  of  the  hce,  the 
mucous  membranes  lining  all  its  cavities,  the  parts  of  the 
organs  of  the  senses  endowed  with  common  sensibility,  and 
the  lining  membrane  of  the  pharynx,  larynx,  windpipe,  and 
bronchial  tubes ;  lastly,  they  give  branches  to  the  heart  and 
lungs,  as  well  as  to  the  oesophagus  and  even  the  stomach. 

A  A 


.  „.   ...vov  iiiovumcnts  assist,  in 
functions  (»f  s|)(^cial  sense,  as,  e.tr.  the 
Olliors  ar.'  cnnscrvativc  or  jiMtrctivo, 
nr<j:ans:    ior  example,  the  closure  of  tlu 
it  can  even  be  excited  in  animals,  in  w 
brain  have  been  entirely  snsj)encled  or 
the  margins  of  the  lids  by  a  feather.    ( 
protect  the  respiratory  apparatus ;  and  ; 
sential  to  life,  as  is  the  case  with  the  mo 
and  especially  with  those  of  respiration 
as  the  acts  of  sneezing  and  coughing,  p 
lowing,  and  all  the  respiratory  nioveme] 
tary  reflex  nature.    They  are  all  perform 
of  the  medulla  oblongata,  the  injury  or 
impairs  or  arrests  them. 

In  reference  to  the  respiratory  ftmcl 
this  influence  lias  been  specially  demons) 
on  animals,  which  have  yielded  both  i 
results.  Thus,  even  in  warm-blooded  an 
the  brain  have  been  gradually  cut  away 
the  medulla  oblongata,  and  the  spinal  co: 
detached  below  it,  and  yet  respiration 
short  time  (Longet);  and  in  the  frog, 
spinal  cord  have  been  removed,  and  resp 
sustained,  provided  that  the  medulla  obi 
injured.  Again,  the  medulla  oblongata 
destroyed,  when  respiration  was  instpnfN 
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rcstiform  bodies  and  the  pyramids,  may  be  removed  without 
interfering  with  the  respiratory  acts.  A  transverse  section 
through  the  grey  matter  of  the  medulla  oblongata,  at  the  point 
of  the  cahimus,  suddenly  stops  the  respiratory  movements; 
but  after  a  longitudinal  median  section  of  the  medulla,  these 
continue.  Hence  both  sides  of  the  body  possess  their  proper 
respiratory  nervous  centre.  Irritation  of  the  medulla  oblon- 
gata diminishes  the  number  of  the  respirations ;  a  result  also 
produced  by  general  pressure  on  the  brain,  the  effects  of 
which  are  transmitted  to  the  medulla.  The  paths  of  conduc- 
tion of  the  motor  impulses  concerned  in  respiration,  named,  by 
Sir  C.  Bell,  the  respiratory  tracts^  are  located  in  the  white  fibren 
of  the  lateral  columns  of  the  cord.  (Bell,  Schiff.)  The  office 
of  the  medulla  oblongata,  as  the  controlling  centre  of  respira- 
tion, affords  an  explanation  of  its  importance  in  regard  to  the 
vital  activity  generally.  Through  it,  the  heart  is  indirectly, 
and  also  directly,  affected,  for  the  vagi  nerves,  which  regulate 
the  heart's  movements  arise  from  this  part.  Galvanic  irrita- 
tion of  the  modnlla,  like  that  of  the  vagi  nerves,  causes  tem- 
ponvry  arrest  of  the  heart's  actions  ;  its  destruction  diminishes 
the  frequency  and  strength  of  those  movements. 

There  is  reason  to  conclude,  from  analogy,  that  the  reflex 
movements  of  deglutition  must  likewise  have  their  special 
governing  centre^  which  is  supposed  to  be  placed  at  the  back 
of  the  medulla,  near  the  vital  knot. 

As  a  reflex  centre  of  a  more  general  kind,  the  mcduUa 
oblongata  is  further  regarded  as  the  seat  of  excitation  of  sym- 
metrical epileptic  seizures,  such  as  occur  afler  ligature  of  the 
great  vessels  of  the  neck. 

The  medulla  oblongata  is  probably  also  a  centre  for  certain 
parts  of  the  s}'mpathetic  system ;  and  a  cross  section  through 
the  restiform  bodies,  like  division  of  the  posterior  columns  of 
the  cord,  is  followed,  probably  from  similar  reasons,  by  an 
exalted  sensibility  of  the  trunk  and  limbs. 

Like  the  reflex  acts  of  the  spinal  cord,  those  which  take 
place  through  the  intervention  of  the  medulla  oblongata,  are 
likewise  inde{)endent  of  the  will,  and  are  not  necessarily  asso- 
ciated with  consciousness;  for  an  animal  will  suck  an  object 
})laced  between  it.s  lips,  or  swallow  a  mass  of  food  placed  on 
the  back  of  the  tongue,  or  close  the  eyelids,  if  these  be  irritated, 
even  though  the  functions  of  the  brain  be  suspended  or  de- 
stroyed. Persons  in  a  profound  state  of  comatose  unconscious- 
ness and  insensibility,  from  the  effects  of  concussion  of  the 
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brain,  or  of  chloroform  or  opium,  will  perform  Ilia  i 
and  so  too  will  acephaloiis  mongfeert.  It  bM  alio  been  i 
that  the  contractile  moTements  of  the  pnpil,  prodnoed  bj  tbe 
action  of  light,  and  intended  for  protectiTe  porpoMt  for  the 
retina,  and  which  are  ordinarily  aooompanied  by  the  >IMaial 
Bensation  of  light,  will  occur  in  caaea  of  amaiiro«i%  a  maraan 
characteriaed  by  alteration  and  consequent  inaenmbdli^  of  die 
retina,  and  in  which  there  ia  absolute  blindness.  A  afemig 
light  also  sometimes  causes  sneezing,  by  a  reflex  actioa  thion^ 
the  optic  nerve,  the  cerebro-spinal  centres,  and  the  nervas 
which  govern  the  rei^iratoiy  movements ;  this  movement  is 
automatic  and  sensari-motor^  for  it  is  aooompanied  by  pain. 

Furthermore,  the  medulla  oblongata  is,  in  some  nasjr^  Qoa- 
cemed  in  the  special  senses  of  hearing  and  tasfe,  containing 
as  it  does,  the  deep  origins  of  the  portio  mollis  of  the  aerenS 
pair  or  auditoiy  nerve,  of  the  glosso- pharyngeal  nerve,  and  of 
the  gustatory  fibres  of  the  fifth  pair.  Its  grey  matter  either 
constitutes  the  special  centres  of  the  auditory  and  gofltaiitQiy 
senses,  the  effects  upon  which,  are  afterwards  tranamitted  to 
the  common  sensorium  in  the  cerebrum ;  or  it  servea  aa  an 
essential,  but  non-sensitive,  conducting  path  of  the  eflfeots  of 
sonorous  vibrations  or  of  gustatory  impressions,  in  their  way 
upwards  to  the  cerebrum. 
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alflo  leaving  ont  of  consideration,  the  saperior  and  inferior 
peduncles  of  that  organ,  the  latter  being  the  contmnatiQn  up- 
wards of  the  restiferm  bodies,  we  may  regard  the  longitadinal 
fibres  and  the  grej  matter  of  the  pans  and  cerebral  pedundes, 
as  physiological  extensions  upwards,  upon  an  amplified  scale, 
of  the  white  and  gr^  elements  of  the  spinal  cord  and  medulla 
oblongata.  They  accordingly  receive,  conduct,  or  transmit 
the  e&cts  of  sensory  impressions,  upwards  to  the  cerebrum ; 
and,. in  particular  cases,  probably  also  transfer  and  radiate 
such  impressions.  They  also  conduct  the  vohmtartf  motarial 
stimulus,  downwards  firom  the  cerebrum  to  the  medulla  and 
cord.  The  paths  of  sensation  are  probably  through  the  grey 
matter  and  white  fibres  of  the  central  and  posterior  portions 
of  the  pons  and  of  the  cerebral  peduncles ;  whilst  the  paths 
of  motion  are  down  through  the  white  fibres  forming  their 
anterior  or  imder  portions.  Furthermore,  the  grey  matter 
of  these  parts,  forms  reflex  centres  for  the  performance  of 
most  extensive  and  powerful  reflex  acts,  being,  in  this  sense^ 
quite  as  energetic  as  the  medulla  oblongata  and  cord.  Some 
of  these  reflex  movements  are  of  a  local  kind,  such  as  those 
which  regulate  certain  of  the  movements  of  the  pupil;  others 
are  of  so  general  and  purposive  a  character,  as  to  have  led 
to  the  supposition  that  here,  at  length,  we  arrive  at  a  portion 
of  the  nervous  centres,  in  which  not  only  conscious  sensation 
may  be  realised,  as  supposed  by  Longet,  but  in  which  some 
feeble  mental  directive  potcer  may  be  exercised.  But  this  is 
not  proved. 

In  animals,  in  which,  the  cerebrum  and  cerebellum  being 
taken  away,  the  pons  and  medulla  oblongata  are  left  uninjured, 
and  connected  with  each  other,  cries  and  attempts  to  remove 
the  objects  of  irritation,  have  been  found  to  follow  pinching 
the  tail,  and  the  application  of  ammonia  to  the  nose ;  if  left 
quiet,  the  animal  remains  motionless,  but  if  put  into  an  xm- 
comfortable  position,  it  immediately  resumes  a  more  easy  one. 
All  such  movements,  however,  cease,  when  the  pons  is  removed 
from  the  medulla.  (Flourens,  Longet.)  The  movements  ap- 
p(*SLT  to  be  as  perfect  as  the  natural  sensori-motor  reflex  move- 
ments, and  resemble  the  instinctive  movements  of  animals, 
but  they  are  not  really  voluntary. 

Experiments  on  the  pons  and  cerebral  peduncles,  are  fol- 
lowed by  remarkable  results.  Thus,  irritation  of  the  deep 
parts  of  the  pons^  causes  convulsions  in  various  regions  of  the 
body,  and,  if  the  brain  be  left,  obvious  signs  of  sensibility. 


j^..^iijg  tibros  on  the  ()j>])(>s. 
mov(*iiient.       Division  ol'  tlii'sc  til 
(luces  Ji  downward   movement  ol' 
side,   and   convulsive,   rolling  niOA 
opposite  side.     Lastly,  a  hyperajsi 
foUowa  Bcctions  of  the  spinal  cord 
portion,  occurs  after  sections  of  the 
but  this  is  noticed  on  the  opposite  si 
the  same  side,  as  is  the  case  when  th 

The  cerebral  peduncles  are,  like  oi 
tudinal  parts  of  the  nervous  centres 
voluntary,  and  reflex  impressions,  u 
along  special  sets  of  fibres,  set  apart  fc 
the  sensorial  paths  are  connected  with  t 
motor  tracts  with  the  corpora  striata  an< 
Division  of  both  pedimcles,  is  follows 
sensibility  and  voluntary  movements  ii 
peduncle  is  partially  divided,  remarka 
en8ue,/rom  the  injured  to  the  sound  sid< 
buted  to  a  loss  of  the  controlling  powe 
the  half  of  the  body  opposite  to  the  injn 
ment  are  larger,  the  nearer  the  sectioi 
brum.    Complete  division  of  one  pedu 
to  fall  on  the  opposite  side,  because 
though  the  reflex  functions  remain  inU 

Irritation  of  the  peduncles,  afler  the  1 
causes  contractions  in  th^  — - 
Btom*'*^ 
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Atrophy  or  wasting  of  these  bodies,  may  result'  from  atroph j 
of  the  eyes.  The  destruction  of  one,  causes  loss  of  sight  in  the 
opposite  eye,  and  temporary  debility  of  the  opposite  ude  of  the 
whole  body.  The  corpora  qnadrigemina  are  also  highly  irri- 
table, and  exercise  reflex  functions  of  an  extremely  active  and 
important  kind.  Thus,  irritation  of  both,  or  even  of  one,  of  these 
grey  centres,  produces  contraction  of  both  pupils,  and,  during 
life,  such  movements  are  doubtless  caused  by  impressions  con- 
veyed from  the  retinae,  through  the  afferent  fibres  of  the  optio 
nerves  and  tracts ;  and  the  experiment  last  mentioned,  on  one 
of  these  bodies,  is  regarded  as  a  proof  of  the  transmission  of 
impressions  from  both  retinae,  backwards  through  the  optio 
commissure,  along  both  optic  tracts.  Partial  removal  of  the 
corpora  quadrigemina,  produces  partial  blindness  of  a  tem- 
porary kind,  debility  of  the  muscles  on  the  opposite  side  of  the 
body,  and  sometimes  giddiness,  or  slight  rotatory  movements; 
possibly  from  the  int^crence  with  the  sense  of  sight.  Their 
complete  removal  is  followed  by  total  blindness,  and  by  dila- 
tation and  immobility  of  the  pupil.  The  general  consciousness 
is  not  interfered  with.  Besides  the  Blight  rotatory  movements 
just  mentioned,  general  convulsions  sometimes  follow  experi- 
ments on  these  parts;  but  these  are  both  supposed  to  be 
owing  to  unavoidable  injury,  or  irritation,  of  deeper  seated 
parts.  That  the  corpora  quadrigemina  are  connected  with  the 
exercise  of  the  function  of  sight,  is  therefore  undoubted,  and 
it  is  probable  that  they  are  either  the  actual  centres  of  visual 
sense,  or  the  essential  paths  for  the  reception  and  conduction 
of  visual  impressions  to  a  common  scnsorium.  It  is,  perhaps, 
through  this  office,  that  the  effects  of  injuries  of  these  centres, 
on  the  general  muscular  movements,  may  be  explained,  for 
vertigo  may  be  produced  by  blinding  one  eye,  or  by  causing 
the  humours  of  one  eyeball  to  escape. 

The  office  of  the  corpora  geniculata  is  unknown  ;  from 
their  anatomical  connections,  they  might  be  supposed  to  be 
associated  with  the  exercise  of  the  function  of  sight,  but  they 
may  be  merely  sympathetic  ganglia. 

The  large  optic  thalami  are  supposed  also  to  be  concerned, 
in  some  way,  in  the  sense  of  vision,  but  not  to  the  degree  indi- 
cated by  tlieir  name ;  for  when  they  are  completely  destroyed 
or  removed,  the  sense  of  sight  and  the  action  of  the  pupil 
still  remain.  Irritation  of  the  optic  thalami  of  one  or  both 
sides,  is  not  followed  by  contraction  of  the  iris;  such  irritar 
tion  causes  either  no  signs,  or  very  slight  indicatjionsi  of  pain, 


.  .-,  ..lie  aDility  to  st<ind  an 
optic  thalamus  bo  cut  away,  the  a 
tory  niovenicnts,  or  is  paralvsod  on 
(Longt't.)    It  is  stilted  by  ScliilF,  tlu 
Iburtha  of  the  thalamus  are  destroy« 
the  injured  side ;  whereas,  when  tj 
stroyed,  it  is  towards  the  sound  side. 
optic  thalami,  though  themselves  insc 
are  believed  to  be  the  great  foci  of  al 
their  grey  matter  possibly  the  commo 
voas  centre  concerned  in  common  sen 
The  functions  of  the   corpora  sir 
Their  removal  in  rabbits,  is  said  to  lea 
tary  motion  equally  imimpaired ;  for, 
atler  a  time,  on  being  irritated,  the  an 
sive  movements  of  leaping,  until  it  i 
when  it  again  becomes  quiet.    (Schiff.) 
of  these  bodies,  is  said  to  produce  neith 
Extravasation  of  blood  into  one  corpus 
lysis  of  the  muscles  of  the  body  on  the 
uie  decussation  of  the  pynunids,  and 
usually  on  the  same  side,  though  some 
side  also;  why,  is  not  known.    If  con^ 
also  usually  on  the  same  side  as  the  pai 
corpora  quadrigemina  are  also  common! 
happens  on  one  side,  and  convulsions 
usually  lesion  either  of  the  po^— 
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eoiy  ganglia,  and  have  the  same  relation  to  the  nerves  of 
touch,  or  common  sensation,  as  the  olfactory,  optic,  auditory, 
and  gustatory  ganglia  have  to  their  respective  nerves.  Disease 
of  the  optic  thalamus,  is  followed  by  hemiplegia,  i.  e.  paralysis 
of  both  sensation  and  voluntary  motion  of  one-half  of  the 
body,  on  the  opposite  side :  disease  of  the  corpus  striatum  has, 
however,  the  same  effect.  It  has  also  been  suggested  that  the 
optic  thalami  may  be  the  organic  seats  of  the  emotional  part  of 
our  mental  nature,  in  which  case,  they  must  act  as  sensorial 
centres,  recognising  the  changes  which  concur  in  the  produc- 
tion of  ideas,  within  the  cerebral  hemispheres.  A  still  further 
extension  of  this  view,  regards  the  thalami  as  the  seats  of  con- 
sciousness of  the  mental  state,  ideational,  emotional,  rational, 
and  volitional;  in  this  case,  just  as  the  sensory  nerves  and 
sensory  tracts  bring  impressions  from  without,  to  the  common 
sensorium  in  the  optic  thalami,  and  produce  sensational  con- 
sciousness, so  it  is  supposed  that  the  convergent  or  descending 
fibres,  which  pass  from  the  cerebral  hemispheres  to  the  thalami, 
and  which  Keil  named,  as  we  shall  see,  the  nerves  of  the  inter-: 
nal  senses^  may  be  the  paths  by  which  the  various  actions  of 
the  brain  itself,  may  be  recognised  by  the  same  sensorium,  and 
so  cause  all  the  varieties  of  mental  consciousness.  (Carpenter.) 
This  ingenious  view  is,  at  least,  highly  suggestive. 

From  the  present  state  of  our  knowledge,  we  may  suppose, 
first,  that  the  grey  matter  of  these  large  ganglionic  masses,  the 
optic  thalami,  together  with  the  grey  matter  diffused  through 
the  peduncles,  pons,  medulla  oblongata,  and  spinal  cord,  con- 
stitute the  true  immediate  centres  for  the  reception  of  all  kinds 
of  sensory  impressions,  with  the  exception  of  those  of  smell, — 
viz.  those  of  common  sensation,  the  sense  of  temperature,  the 
tactile  sense,  perhaps  the  muscular  sense,  and  the  sensations 
of  sight,  hearing,  and  taste.  Secondly,  it  would  appear  that 
in  other  parts  of  the  grey  matter,  this  portion  of  the  great 
cerebro- spinal  axis,  from  the  corpora  quadrigemina,  corpora 
striata,  and  thalami,  downwards  through  the  peduncles,  pons, 
medulla  oblongata,  and  spinal  cord,  we  have  a  great  centre  of 
motorial  excitability  (Sharpey),  through  the  agency  of  which, 
all  the  involuntary  reflex  movements,  whether  sensori-motor 
or  excito-motorj  are  performed. 

Whether  the  large  mass  of  grey  matter,  above  supposed  to 
be  engaged  in  sensation,  is  itself  the  true  sensorium,  or  actual 
seat  of  the  conscious  sensatimi  of  bodily  conditions,  as  is  com- 
monly believed,  or  of  both  bodily  and  mental  states,  as  sug- 
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gested  bj  Rail  and  Gnpenter,  or  whtdier  ihm 
produced  in  it,  according  to  the  Mnaewhioii 
must  T<»ct,  in  some  way,  along  the  radiating  fibres  wlikh  ^B* 
pand  from  their  upper  end  into  the  eerebiml  hemiqphen^  ia 
order  that  conscious  sensation  ahooM  be  realiaed,  k  unknown^ 
It  would  seem  certain,  howerer,  that  peroeptioii  or  dw  aaa- 
ciation  of  sensations  with  their  canie^  ideation  or  tiie  Ibm^ 
tion  of  ideas,  memory,  and  the  prooeaaea  of  oompariaon,  oobh 
bination,  and  determination  of  difierencea,  whidk  are  impliad 
in  reasoning,  and,  lastly,  the  reaolting  Yolition  or  will,  infohe 
the  material  operation  of  the  oerebnl  hemi^erea. 

Furthermore,  whether,  in  the  ezerciae  of  thia-will,  in  pao* 
ducing  voluntary  movements,  the  ooodooting  fibrea  axe  pm- 
longed  directly  downwards  from  the  oerehral  hemi^phawa 
through  the  cerebral  pedipclea,  pona,  medulla  oblongatSi  and 
cord,  to  the  motor  nerves,  or  whether  the  hemisphenl  fifani 
themselves  end  in  this  great  motorial  centre,  and  thna  aok.  aoi 
continuously  or  directly  on  the  motor  nerree,  but  throng  tUi 
automatic  centre,  so  as  to  impose  upon  it  definite  imprai 
sions  dictated  by  the  will,  is  not  yet  fully  decided.  But  Aa 
latter  view  appears  supported  by  anatomical  ftcta  and  genenl 
considerationa ;  and,  if  this  be  true,  then,  even  in  YolitioDaL 
acts,  the  actual  motor  impulse,  which  immediately  exdtea  tbe 
muscles,  proceeds  from  the  motorial  centre,  as  in  the  caae  of 
any  other  form  of  movement  excited  by  an  idea  or  an 
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perfonned,  so  long  as  the  person  can  see  his  limbs.  Eren 
where  the  senmbility  of  the  skin  remains,  though  the  muscles 
are  partly  paralysed,  the  same  difficulty  still  occurs  in  iimng  the 
limbs,  unless  they  are  watched  by  the  eyes.  A  curious  case  is 
on  record  of  a  nurse,  who  had  lost  the  muscular  sense  in  one 
of  the  upper  limbs,  and  who  could  only  carry  a  child  by  con- 
stantly watching  that  limb ;  as  soon  as  she  turned  her  eyes 
from  it,  the  limb  would  &11  helpless  to  her  side.    (Duchesne.) 

Functions  of  the  Cerebellum. 

The  cerebellum  is  not  concerned  in  the  exercise  of  the 
psychical  functions.  Neither  does  it  appear,  in  any  way,  to  be 
a  seat  of  the  function  of  common  or  special  sensation.  Some, 
however,  refer  the  so-called  muscular  sense  to  certain  parts  of 
this  organ.  When  pricked  or  injured,  it  does  not  appear  to 
be  sensitive,  for  no  sign  of  pain  results  from  such  irritation. 
Moreover,  when  it  is  completely  removed,  there  is  no  loss 
either  of  common  or  special  sensation  in  the  animal.  This 
oi^gan  does  not  appear  to  be  directly  concerned  in  the  mental 
process  of  volition,  since  the  will  still  attempts  to  exercise  itself 
in  an  animal  deprived  of  ita  cerebellum ;  for  if  the  animal  be 
then  threatened,  it  will  attempt  to  avoid  the  blow,  or  if  it  be 
woimded,  it  will  seize  the  instrument  or  hand,  to  try  and  pre- 
vent itself  being  injured.  Lastly,  afler  the  removal  of  the 
cerebellum,  all  the  instinctive  and  simple  reflex  movements, 
such  as  those  of  swallowing,  respiration,  and  others,  continue 
unimpaired. 

Although  the  will  seems  unaffected  by  injury  or  removal  of 
the  cerebellum,  the  power  of  executing  its  various  mandates, 
especially  as  exhibited  in  the  complicated  muscular  acts 
necessary  for  locomotion,  is  evidently  interfered  with.  If 
thrown  down,  an  animal  from  which  this  organ  has  been 
removed,  is  unable  to  rise,  though  it  seems  to  desire  to  make 
the  effort ;  its  movements  become  hurried  and  irregular,  so 
that  there  is  a  want  of  harmony  in  its  locomotive  acts ;  its 
equilibrium  is  no  longer  maintained,  and  it  appears  as  if 
intoxicated.  If  a  section  be  made  through  the  middle  line  of 
the  cerebellum,  the  power  of  maintaining  the  equilibrium  is 
instantly  lost,  and  the  animal  cannot  even  stand,  but  may 
now  turn  to  one  side,  and  then  to  another. 

Whon  the  cerebollum  of  a  bird,  is  gradually  cut  away,  the  animal  be- 
comes restleHS,  and  it«  movements  irregular;  and  when  the  whole  organ 
in  thus  removed,  it  can  no  longer  walk,  leap,  or  fly,  and  loses  its  baianoe^ 
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I'linj:  unalile  to  porfnrm  any  actn  requiring  combination  of  mnscalar 
iiu.vtTiu'titH:  yit  tin*  rcflrx  mowin  ruts  and  sensibility,  both  appear  to 
niiiain.  as  it  fxliil)its  n(»  hIhiis  of  stiifKir,  and  endeavours  to  avoid  blovg. 
I^iiil  upon  iis  l>:u'k,  it  c.aiinot  rt'j^ain  its  former  attitude,  but  flutters  iti 
viii;;s.  Wliru  j.lju'fil  on  its  h-^s,  it  t;tapp«T8  and  falls,  as  if  intoxi- 
4:ati'il,  rndciivounii^'.  however,  to  retain  the  standing  ptislure.  (FJourecs.) 
Ill  otluT  easrs.  after  gradual  removal  of  the  eeri'bollum,  a  qiuidniped 
animal  has  Immu  iiotie<\l  to  plant  all  four  of  it*  feet  firnily  on  the 
jrround,  and  then,  on  further  and  further  portions  of  the  ccri^belium  being 
«ut  away,  it  moved  slowly  or  quickly  backwards.  Various  f>ther  pheuo- 
nieiKv  have  ln-en  noticed  in  pif^.'ons  mutilated  by  removal  of  the  gre&t*^ 
poj-tion  or  the  whole  of  the  e»-n."btllum  ;  extension  of  the  legs,  with  in- 
<lis]H)sition  to  Hex  them,  though  this  cnmld  l>e  accomplished  by  an  eflbitt 
twi.siin^of  the  hea<l  on  th<j  neek.  trembling  movements  i»f  the  whole 
l.Mxly.  voniitinL',  purtrati(»u,  and  gener.il  emaciation,  falling  of  the  feathery 
and  ilepn'ssion  of  tlie  natural  temperature  ;  seusation  and  will  were  not 
deslniyed.  (Wagner.)  Aeeording  toothers,  the  voluntArj*  movement* 
heeanie,  after  a  few  days,  almost  natural.  «?ven  though  two-thirds  of  the 
ortran  hud  bren  remov«'d  in  pigeons.  (Hartwig,  Dalton.)  On  cutting 
away  p(jrtions  of  oni;  hemisjihero  of  the  cereU'llum,  the  most  remaris- 
ahh-  disturhances  in  the  movements  of  the  animal  take  place;  for  it 
rttvolves  jw  if  it  were  on  a  S}iit,  turning  sometimes  to  one  side,  and  some- 
times to  the  other.  If  one  hemisphere  of  the  cert^bellum  l)e  entirely  re- 
mi>ved.  by  a  section  tli rough  its  peduncles,  the  animnl  also  revolves  in  a 
ciivle ;  tliis  may  take  place  sixty  times  in  a  minute,  and  continue  for 
several  days.  If  the  (jther  hemisphere  be  now  cut  away,  the  animal  no 
loujxer  performs  these  curious  movcnnut^.  According  to  Magendie  and 
Miiller,  the  rotation  is  t^)wanls  the  injunnl  side,  but  according  to  Longet 
and  Lsifargue  towards  the  sound  side.  These  differences  have  bot^n  re- 
fern  d  to  the  jrt)sition  and  direction  of  the  incisions,  but  the  explanation 
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From  all  these  remilts*  it  has  been  inferred  that  ihe  cere- 
bellain  is,  in  some  way,  essential  to  the  due  regulation  or  co- 
ordination of  combined  or  complicated  muscular  acts,  either, 
according  to  one  view,  bj  a  direct  goyeming  or  co-ordinating 
power,  or,  according  to  another  view,  because  it  is  itself  the 
seat  of  the  muscular  sense,  which  then  conyejs  impressiona  to 
the  cerebrum,  giving  notice,  as  it  were,  of  the  condition  of  each 
particular  muscle  in  action,  and  so  fumiahing  information  for 
the  guidance  of  the  cerebral  volitional  &cully.  But  as  many 
disturbances  of  tiie  locomotive  function,  and  especially  the 
peculiar  rotatory  movements,  ensue  upon  injuries  inflicted 
on  other  parts  of  the  encephalon ;  and  as  these,  when  produced 
by  sections  of  the  cerebellum,  may  be  counteractea  by  sec* 
tions  of  other  parts,  it  is  doubtful  how  fiir  tiiis  latter  organ 
can  be  ri^rded  as  the  real  governing  centre  in  such  co- 
ordination of  the  movements.  Thus,  according  to  some  ex- 
periments, when  one  corpus  striatum  is  cut,  the  animal  runs 
forwards;  and  when  the  optic  thalamus  is  wounded,  it  turns 
round  and  round.  (Magendie.)  According  to  other  experi- 
ments, sections  in  the  fore-part  of  the  brain,  cause  the  animal 
to  turn  in  a  large  circle  ;  sections  further  back,  produce  rota- 
tions in  smaller  circles,  and  when  one  peduncle  of  the  cere- 
bellum is  cut,  the  animal  revolves  on  its  own  axis.  (SchifT.) 
Even  sections  of  any  of  the  three  semicircular  canals  of  the 
internal  ear,  in  pigeons  and  rabbits,  are  also  followed  by 
similar  rotations  (Brown  S^quard),  and  still  more  remarkable 
and  definite  movements  have  been  noticed  after  such  experi- 
ments, the  animals,  according  to  the  particular  canal  divided, 
throwing  siunmersaults  in  definite  directions,  whenever  they 
attempted  to  move.  (Flourens.)  These  movements  may  de- 
pend on  some  dibturbance  of  the  function  of  hearing,  but  tiiis 
is  not  established. 

The  doctrine,  that  the  cerebellum  is  the  seat  of  the  special 
faculty  named,  by  the  phrenologists,  philoprogenitiveness,  is 
not  confirmed,  though  apparently  supported  by  a  few  isolated 
cases  of  disease  or  injury  to  this  organ.  They  are  opposed  by 
the  fact  of  the  slight  connection  of  the  cerebellum  with  the 
cerebrum,  the  proper  organ  of  the  emotions ;  by  the  teachings 
of  comparative  anatomy  and  physiology,  as  to  tiie  relative  size 
of  this  organ  in  different  animals;  by  the  results  of  a  wider  in- 
vestigation of  the  phenomena  observed  in  disease  in  man ;  and, 
lastly,  by  those  yielded  by  experimental  researches  in  animals. 
Direct  stimulation  of  one  side  of  the  cerebellum  in  guinea- 
pigs,  has  been  found  also  to  cause  rotation,  usually  to^^x^ 
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tlie  Bound  side.  By  othersi  initatioii  applied  to  lliu  pu^  k 
Haid  to  produce  contractdona  in  many  moaoolar  OEgni%  era 
in  tboae  of  vegetative  life,  aa,  to  exainple»  in  tba  ttpaaA 
and  cecum.  Vomiting,  headache,  aqnintmg,  mBeBdaoM  of  Aa 
pupil,  disturbed  vision,  and  oonvnlaiona,  aocompmj  morial 
irritation  of  this  organ,  with  evidences  of  dinturbed  nore- 
ments,  said  to  be  due  to  interference  with  the  miuoiilar  acBn. 
(LuRsana.)  Inflammation  of  its  memhranea  is  nnaooompnied 
by  delirium ;  and,  in  cases  of  gradual  soitening  of  this  oiguii 
the  intellect  may  remain  unimpaized,  even  thongli  it  be 
almost  entirely  destroyed.  Chronic  disease  of  the  oersbeDnm, 
however,  is  sometimes  accompanied  by  unsteadiness  in  walk- 
ing, without  any  symptoms  of  paraJysis;  in  a  few  chks  cf 
disease  of  both  hemispheres  of  this  oigan,  babkwazd  inofe> 
ments  have  been  noticed,  and  affections  of  one  peduncle  have 
been  accompanied,  in  a  few  instances,  by  rotatory  moTementi 
towards  the  diseased  mde. 

Our  general  knowledge  of  the  functions  of  the  cerebelliim 
being  so  scanty,  it  will  be  no  matter  of  surprise  that  we  aie 
entirely  ignorant  of  the  relative  importance  and  Q£5oe  of  its 
several  parts,  viz.  of  the  hemispheres  with  their  lobes^  the  upper 
and  lower  vermiform  processes,  and  the  plicated  saos  of  grsf 
matter  in  its  interior,  known  as  the  corpora  dentata. 

Tlie  dirgft  eonDouticn  of  tlie  t."<.^r>:'l>elluni  with  tlie  ccrebmin*  ^ 
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Bense,  and  that  the  hemispheres  react  upon  impressions  con- 
yeyed  to  them  from  those  bodies.  Yet  it  is  difficult  to  sappose 
that  the  muscular  sense,  which  appears  to  be  onlj  a  moddnca- 
tion  of  common  sensation,  has  a  special  ganglionic  centre.  It 
has  also  been  suggested,  that  the  corpora  dentata  may  be  the 
seat  of  the  muscular  sense,  and  the  hemispheres,  of  philopro* 
genitiveness.  (Dunn.)  It  must  be  confessed  that  the  functionB 
of  this  organ,  are  but  imperfectly  ascertained. 

Functions  of  the  Cerebrum, 

The  investigation  of  the  special  functions  of  this  important 
part  of  the  encephalon,  is  surrounded  by  great  difficulties.  We 
have  already  spoken  of  the  large  masses  of  grey  matter  situated 
deeply  within  the  cerebrum,  viz.  the  corpora  striata  and  optic 
thalami,  and  the  part  they  are  supposed  to  play  in  the  func- 
tions of  sensation,  and  in  the  goremment  of  motion.  But,  in 
the  superficial  grey  matter  of  the  cerebral  hemispheres,  we 
recognise  the  anatomical  organ  which  is  physiologically  con- 
cerned in  the  exercise  of  the  faculties  of  conscious  attention^ 
perception,  ideation,  or  the  formation  of  ideas,  probably  also  in 
emotion,  and  certainly  in  the  operations  of  memory,  reason,  judg- 
ment, and  wiil.  The  hemispheres  proper,  appear,  indeed,  to  be 
supplementary  organs,  superadded  to  the  great  nervous  sensori- 
motor axis,  not  essential  to  it  or  to  life,  but  acted  upon  by, 
and  reacting  through  it.  Their  anatomical  connections  en- 
tirely favour  this  view. 

Tlie  chief  facts,  in  support  of  the  opinion,  that  the  brain  is 
the  corporeal  organ,  through  which  mental  manifestations 
occur,  are  these:  first,  concussion,  from  severe  blows,  sus- 
pends all  consciousness,  and,  with  it,  the  higher  mental  opera- 
tions ;  pressure,  whether  produced  by  a  depressed  portion  of 
the  cranium,  by  effusion  of  blood  into  its  interior,  or  by  effu- 
sions of  a  serous  character,  equally  interferes  with  these  func- 
tions ;  the  effects  of  pressure  have  even  been  made  evident  in 
the  case  of  persons  whose  head  has  been  trephined,  by  the 
temporary  application  of  the  finger  to  the  exposed  membranes 
of  the  brain  ;  moreover,  infiammation  of  the  membranes 
covering  the  surface  of  the  hemispheres,  or  of  their  cortical 
substance,  usually  causes  delirium ;  in  fatal  cases  of  acute 
mania,  the  cortical  substance  is  generally  dark  red ;  lastly, 
chronic  destructive  diseases  of  certain  parts  of  the  cerebral 
hemispheres,  have  been  shown  to  be  accompanied  by  impair- 
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ment  or  loss  nf  the  mental  facilities.     Second] j«  the 
mze  of  the  cerebrd  hemispheres,  or,  more  accurately  ^ 

the  reJative  quantity  of  Ihe  grey  laatter  in  them,  prasentii 
cciTtaiii  general  corrfspondeocL«  with  the  mentul  endowmenti 
of  the  individual,  the  variety,  and  the  species ;  of  thlfl,  w©  ihiH 
give  evidence  in  speaking  of  the  hrain»  of  animala.  Tht  rela- 
tive deveJopnietit  of  the  several  parts  or  lobes  of  the  cere- 
brum^ must  here,  howerer,  be  taken  Into  account,  and  m 
likewise  must  the  temperament  of  the  individual,  whetlter  llda 
be  alow  or  quick.  Thirdly,  in  cases  of  inibectlity*  or  abeolule 
idiocy,  the  cerebral  hemispheres  exhibit  the  nic*st  remarkablt?' 
defect  in  development  of  any  part  of  the  encephalon,  altiiungbi 
at^  hsA  been  recently  shown  by  myself,  the  corpora  airiili 
and  optic  ihalami  are  involved  in  this  deficiencyp  and  ef® 
the  cei^l>ellum  ii  also  somewhat  affected.  Lastly,  in  no  O^ier 
part  of  the  body,  and  in  no  other  oiguiy  is  there  nioli  •  €0^ 
responding  development  or  deficiency,  in  propoitioiL  to  At 
mental  power,  in  both  different  men  and  in  diflbrent 
as  in  the  hemispheres  of  the  cerebrum. 

Attempts  were  made,  long  before  the  man 
teachings  of  phrenology,  to  locate  certain  fiumltiesof  tfaendd^ 
in  certain  portions  of  the  cerebrum.  Thus,  the  inteUeot  wm 
supposed  to  be  placed  in  the  anterior  regioui  the  emotioBe  or 
sentimeQb^  in  the  middle,  and  the  insticictive  feelings  in  the  I 
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brain  for  the  performance  of  special  functiona  of  the  mind ; 
bat  the  taak  is  not  so  easy  as  Gall  and  his  school  haye 
imagined.  To  their  systems  and  method  it  has,  indeed,  been  . 
objected,  that  the  instances  of  correspondence  with  the  cranio- 
graphic  schemes  projected  by  Gall  and  Spnrzheim,  and  since 
modified  and  expanded  bj  their  followers,  have  been  mainlj 
collected  b^  partisans  of  craniology  or  phrenology;  that  no 
systematic  myestigations  haye  been  imdertaken,  by  other  and 
independent  obseryers,  to  test  the  actual  frequency  of  those 
correspondences,  or  to  detect  any  fidlures  of  such  correspond- 
ence; that,  in  many  instances,  howeyer,  which  haye  been  noted, 
the  most  complete  discrepancy  has  existed  between  the  local 
development  of  the  cranium,  and  the  activity  of  the  fiumlties 
or  powers  supposed  to  be  exercised  through  the  agency  of  the 
subjacent  parts  of  the  brain ;  and,  lastly,  that  in  reference  to 
any  given  fiumlty,  one  such  well-marked  case  of  discrepancy, 
is  sufficient  to  shake  the  system,  as  r^;anls  that  &cul^,  to  its 
foundation.  It  has,  furthermore,  not  escaped  the  attention  of 
the  unbiassed  physiologist,  that,  in  spite  <^  a  general  resem- 
blance between  the  form  of  the  cranium  and  that  of  the  cere- 
brum beneath  it,  there  are  many  difficulties,  such  as  the  relative 
projection  of  the  frontal,  parietal,  and  occipital  eminences,  the 
greater  or  less  thickness  of  the  cranium,  and  the  variable  size 
of  the  frontal  sinuses,  in  different  individuals,  which  render  it 
almost,  if  not  quite  impossible,  to  determine  accurately,  de- 
grees of  local  development  of  the  parts  beneath.  Moreover,  it 
has  been  shown  by  anatomists,  that  certain  points  or  lines  on 
the  surface  of  the  hemispheres— for  example,  the  fissure  of 
Kolando,  and  the  convolutions  in  front  of  and  behind  it— 4o 
not  invariably  correspond  with  the  same  parts  or  lines  of  the 
cranial  walls;  but.that,  by  excess  or  diminution  of  development, 
in  these  or  in  neighbouring  parts,  they  may  shift  their  posi- 
tion backwards  or  forwards  beneath  the  skull.  It  has  also  to  be 
noted,  that  the  convoluted  grey  cortical  substance  of  the  hemi- 
spheres, the  supposed  physiological  seat  of  any  force  or  fiiculty, 
which  these  parts  of  the  cerebrum  may  exert,  is  not  limited  to 
that  part  of  the  cranial  surfiice  which  is  open  to  observation, 
nor,  indeed,  to  the  inner  surface  of  the  cranium  at  all ;  for 
it  extends  on  each  hemisphere,  to  the  firontal  and  temporal 
fossae,  at  the  base  of  the  skull,  and  even  to  the  upper  sur&ce 
of  the  tentorium ;  and  it  likewise  sinks  deeply  into  the  longi- 
tudinal fissure,  quite  away  firom  the  skull  itself,  and  also  into 
the  Sylvian  fissure,  at  the  bottom  of  which,  it  forms  the  central 
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1. »!)(.',  or  islaml  of  \\o\\,  a  jmrt  coniploU»ly  concnalcrl  botweon  the 
ovi  rln]i|»iiiir  imIlm-s  of  tin;  iVoiitjil  :ind  j-Mirii'tiil  lolies.  I-iistlv,  no 
oxti'i'iial  (Man'n'siMJjiiral  oli.M.-rvntioiis  vim  (lettTmiiio  tbo  relative 
t'.>iii|il('xitv  (»r  tlu-  oixl>ral  surfacns,  nor  the  relative  thicknf>s  of 
ti.r  L'ny  nia!t«r.  Tlii'se  lact.s  together  witli  the  uri4?r  ab*iice 
<  I'aiiy  ct)irn-i«l(  not'  Ix/twocii  tli«>  houiidaricsof  the  con  vol  litems 
an<l  tln^  rraiiin^rai-iiifal  mapping  out  of  the  so-called  onjar,.^ 
oi"  tlu'  jiliniioloL'ist,  liavc!  h-il  ihe  most  leanirJ  and  influential 
ari.-iiumiM>  nwi  ph\sioh«tj^ist-i  to  demur  to  the  systoni  originaU}«l 
l.v  (iall  and  Spi;r/ln'ini.  Nur  is  tlu:  oalalojrue  of  presumably 
di'^tinrf  vnhtnl  tiu'uliirs,  emnuerated  by  the  phrenolri;ri>t5, 
more  Kitisllu-torv  lo  the  modcTn  sfhonl  of  niotajilivsieians. 
JJi.'iK.T,  wlii'tlMr  tin.'  sid)ject  be  reiranb'd  from  a  phvsiolo^ioal 
<»r  from  a  irn'tapbysieal  point  (»!'  view,  although  it  mav  l* 
tru«\  v«'t  noi  <?>tal)li>lnMl,  that  diHerent  ]«irt3  of  tlic  cerebral 
]i«-mi>pln'ris  r\«T»*iHf  certain  special  mental  functions,  still  it  is 
bv  no  means  dfti-nnined,  citht-r  what  those  distinct  or  primal 
faiidties  <»r  pow«rs  may  In?,  much  less  the  locality  or  organs,  in 
or  bv  which  thi.'V  are  actively  exercised  in  the  body. 

TIk'  first  uniewortliy  observations,  made  in  cases  of  discasf»of 
the  cerebral  h«  misphcres,  tending  towards  adet«^rniinationoftk' 
Ici'ality  ot'any  jiartirular  liu-ulty,  have  bceii  those  colJeeteil  hj 
M.  llroca,  in  nl«  n-nce  to  the  faculty  of /////////'///f,  which,  accord- 
ing to  him,  has  been  noticed  to  have  been  lost  in  Si.^veral  adult 
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htiman  snbject,  injury  to  this  part  of  the  brain,  or  removal  of 
portions  which  protrude  after  accidents  to  the  head,  does  not 
cause  local  suffering,  even  though  the  consciouKness  be  perfect. 
Neither  does  injury  to  these  parts,  inflicted  purposely  on 
animals,  or  accidentally  on  man,  cause  any  convulsive  motion. 
Nevertheless,  though  itself  insensible,  this  cortical  hemispheral 
matter  is  believed  to  be  the  place  where  bensations  become  per- 
ceived, t.  e.  referred  to  their  external  causes,  where  attention  is 
exercised,  where  ideas  are  formed,  and  emotions  are  excited ; 
where  memory  retains  its  impressions,  and  where  the  will 
originates.  For  in  animals,  when  the  hemispheres  are  muti- 
lated, the  cerebral  iimctions  are  disturbed ;  and  when  th^ 
are  removed,  those  functions  are  suspended'  or  destroyed. 
Thus,  when  one  hemisphere  is  removed,  there  is  produced 
temporary  feebleness  of  the  opposite  side,  with  a  permanent 
blindness  in  the  opposite  eye.  After  partial  removal  of  both 
hemispheres,  stupor  is  produced ;  but  there  soon  return  evi- 
dences of  sensation,  and  of  much  muscular  power.  But  when 
both  cerebral  hemispheres  are  completely  removed,  a  kind  of 
stupor  exists ;  the  animal  remains  in  one  attitude,  and  seems 
incapable  of  originating  any  independent  movement.  It  stiU, 
however,  retains  the  power  of  reaction,  or  reflex  motion,  on 
the  application  of  external  stimuli  ;  ior  when  the  cerebral 
hemispheres  of  a  pigeon  are  removed,  leaving  the  optic 
thalami  and  optic  lobes,  besides  the  reflex  contraction  of  the 
iris  and  closure  of  the  eyelid,  on  the  approach  of  a  lighied 
candle,  the  bird  follows  the  light  with  the  head;  so  like- 
wise, when  the  brain  of  a  rabbit,  including  the  optic 
thalami,  is  removed,  it  will  withdraw  its  1^  when  it  is 
pricked,  and  cry  if  its  whiskers  be  pulled.  But  these  latter 
movements  are  not  positive  evidence  even  of  conscious  sensa- 
tion, much  less  of  perception  and  will ;  they  are,  almost  cer- 
tainly, purely  reflex,  performed  on  the  same  principle  as  the 
simpler  reflex  movements,  but  possessing  a  more  complex  cha- 
racter ;  they  are  probably  entirely  unaccompanied  by  percep- 
tion, and  even  if  they  be  associated  with  any  sensation,  this  is 
probably  of  a  very  feeble  or  obscure  kind.  Even  the  pigeon, 
when  deprived  of  the  hemispheres  only,  as  above  mentioned, 
though  it  may  see  objects,  runs  up  against  them,  apparently 
from  loss  of  perception  and  memory. 

The  cerebral  hemispheres  have  been  removed  in  birds,  chiefly  in 
pigeons  (Longet),  which,  by  artificial  feeding,  have  then  been  kept  alive 
for  months.    Birds  so  treated,  sit  still,  as  S  asleep,  with  the  neck  re- 
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tr»ct«^l.  the  wincTf*  cli^stil,  ninl  n-stinp  on  Vmth  feet.  When  pushed. or 
will  II  tlir  r<M»t  is  j.ini'liril.  tlu'v  si-i'm  to  jiwaki',  to  shako  their  V-oiy  a&J 
ti.iTlu-rN  ojn-ii  till*  f'Vi's.  :ulvain'(»  !i  step  t'orwanlr*,  anil  thi-n  rfrlaps*- into 
!li.  ir  Ni.it4(if  sIuimImt.  It'  ihvip|ml  iu  tlicair,  tht-y  spivad  out  th*«ir  win;?*, 
aii'l  iv»n  tly  up.  hut  strike  ai:aiu»«t  ohjfcts,  .in«l  so<:»n  fall  to  the  proucd. 
r'roni  wln'j'li  thj-y  tlo  n«it  att«'m]4  t<»  ris«»  ajrain.  S<imt*timrs  theyvuke 
•«l'.):itani"«uisly,  ami  pnnn!  tlh-ir  tVathers.  The  eyos  an*  still  sensible  to 
.iiilit.  tlh*  pupils  font raoti lip;;  tho  i^yrlids  are  not  oli>Sf<l  at  the  ap- 
pro;!.-li  <if  a  caiKll**,  I'Ut  wmio  ^ipis  of  nueasint'f's  arc  munifostiil.  and  the 
I' r-l  tnllnw-i  tli«*  liirht  l»y  niownn'nis  of  |h«'  heatl.  In  a  oaso  oVi!«<»iTvd  :y 
Mal.u'nqis.  th«'  pip-on  was  not  aff»'eri-<l  l»y  smMon  exj-Misuro  to  stnmg  lij?lit : 
I'u;  it  ap].(ar»M[  to  M-rk  out  the  liulit  parts  of  a  tlark  place:  and  v;i^ 
r.ulily  roUM'iI  l.y  slii;lit  n«»isos.  ]5y  I/on^rot.  howt-vtr,  noises  wtTt-  toi:n;l 
to  pi>).luc<-  iioi'ffivtj.ut.  ^\h^Ml  vi-ryloud,  cansiil,  attho  mo>t,  tlie  animal 
to  start :  !.iit  this  nii^lit  hi-  sim]>ly  dui*  to  mivhauical  slu^'k.  If  the  tiios 
Ic  t<iU(.'li«d.  tin-  foot  is  dniwu  away;  and  on  ropealinj;  the  irritati«in,  it 
may  !.«'  witlulrawn  nmlfr  tlif  win;.',  and  the  hinl  nmain  standincr  "H 
mn'  foot,  witliout  loss  of  bahimn-:  if  now,  the  other  foot  he  irritati**!.  it 
witlidraws  iliis,  and  puts  out  thi-  opposite  one.  If  ammonialH?«  held  to  l\:^ 
/.••so,  tlie  hrjul  is  violently  shak«n.  and  the  hill  is  senitoheil  with  the 
tout.  Till'  bird  ran  no  lon^r^.r  pick  its  fo^wl;  when  this  is  phiced  in  the 
bill,  it  ri'inains  there;  but  whi-n  put  on  the  back  of  the  tongue,  it  i» 
sw.'iilowod. 

Similar  exjMTiments  have  been  made  on  quadnipwls.  with  eorro*.ponfl- 
inL'  r.  sult«i.  dops  no  lonirer  reoo^n i si nir  their  master.  All  the  phenomena 
>•  tin  to  kIiow,  that  not  only  the  movements,  but  even  eombination&  of 
riiovt-meiits  to  eertain  ends,  oceur  after  removal  of  the  ocn-bnim  ;  the 
state  of  the  animals  how«'Vir,  is  like  tlint  of  dn-aminji,  in  "wliieh  thi* 
m'I'sorfr  not  aceompanied  by  distinct  perceptions  of  external  objects,  thoti;^ 
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other  mental   (luality.     That   they  may  have  son.s;uion   in  a 
I'ecMe  (h'gn'o  is  prol)able. 

Disease  of  one  hemisphere  in  man,  so  extensive  as  ahnost  to 
destroy  it,  has  occurred  without  any  disturbance  or  diminution 
of  the  mental  faculties;  but  when  both  hemisphereH  are 
BeriouslY  implicated,  such  phenomena  are  always  manifested. 
Slow  distension  of  the  hemispheres,  by  an  accumulation  of 
cerebro-spinal  fluid  in  the  ventricles  of  the  brain,  does  not 
much  impair  the  action  of  this  organ.  All  sadden  injuries, 
even  if  slight,  act  severely  as  shockis ;  but  slow  suppuration, 
for  example,  has  less  effect.  Inflammation  and  chronic  dis- 
ease of  the  grey  or  cortical  matter,  are  usually  accompanied 
with  excitement  or  lowering  of  the  mental  &cultieB,  whilst 
changes  in  the  white  or  medullary  substance,  more  fre- 
quently cause  torpor,  and  loss  of  voluntary  control  over  the 
muscles. 

Of  the  cerebral  hemispheres,  it  may  therefore  be  said,  that, 
by  physiological  experiment,  we  have  proof  that  sensations 
may  perhaps  be  conscitMsly  felt  without  them,  but  that  they 
are  certainly  concerned  in  the  perception  of  sensations,  and  in 
the  origination  of  the  volitional  motorial  stimulus  or  will.  It 
would  also  seem,  on  general  groimds,  that  their  integrity  is 
essential  to  the  manifestation  of  that  chain  of  mental  acts 
which  may  be  said  to  intervene  between  mere  perception  and 
the  exercise  of  the  will — ^that  is  to  say,  ideation,  memory,  asso- 
ciation, and  the  reasoning  processes.  As  to  the  emotions,  the 
supposition  of  their  association  with  some  action  of  the  cerebral 
hemispheres,  rests  only  on  general  probability. 

The  hemispheres  appear,  however,  to  be  the  medium  by 
which,  through  the  channels  of  special  and  common  sensation, 
the  mind  is  brought  into  relation  with  the  outer  world,  and 
reacts,  through  the  motor  paths,  consciously  and  purposively 
upon  it.  This  conscious  action,  which  is,  in  a  certain  sense, 
reflex,  is  intelligence  in  action,  and,  as  a  rule,  is  proportionate 
to  the  size  of  the  cerebrum.  It  gradually  diminishes  in  the 
descending  animal  scale,  in  proportion  to  the  relative  de- 
crease of  the  size  and  complexity  of  the  brain  in  comparison 
with  the  size  of  the  body.  The  proportionate  weight  of  the  cere- 
brum is  not  here  the  only  fact  to  be  considered ;  but  also,  first, 
the  presence  and  degree  of  development  of  the  convolutions, 
which  serve  to  increase  the  extent  of  the  grey  matter,  and, 
secondly,  the  thickness  of  the  cortical  grey  substance  which 
follows  the  convolutions.     The  relatively  larger  number  of  the 
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transverse  commiBBural  fibres,  in  tbe  farung  of  iSm  ! 
animals,  and  especially  of  man,  is  probably  also 
of  their  superiority.  The  uses  of  these  commisBures  mtt  not 
known,  further  than  that  they  must  serye  to  sssooiate  plmio- 
logically,  the  opposite  halves  of  the  brain.  DefioienCT  of  Ae 
corpus  callosum  has  been  found  to  be  aooompuiied  widk  wnl 
of  intellectual  power. 

From  the  anatomical  fact  already  mentioned,  tfiat  tilofibmb 
ascending  from  the  cord  and  medulla  oblongata  along  As 
}M3d  uncles  of  the  cerebrum,  pass  no  higher  than  the  gnj  nb- 
stunce  of  the  optic  thalami  and  corpora  striata,  whidi  DodiM 
are  connected  with  the  grey  matter  of  the  cerebral  hawiiqphsws 
by  a  distinct  system  of  ascending  or  radiating  fibres,  sod 
from  other  contdderations,  it  is  probable  that  the  only  palih  of 
communication  between  tiie  cerebrum  and  the  outer  world,  is 
through  that  great  seuHori-motor  nervous  centre,  wbidi  il 
composed  of  the  large  masses  of  grey  matter  found  in  Ae  bsn 
of  the  brain,  cerebral  peduncles,  pons  Varolii,  and  in  dis 
medulla  oblongata,  and  spinal  cord.  Even  the  TolitionsI 
movements,  though  dictated  by  impulses  originating  in  ihs 
cerebral  hemispheres,  are  probably  excited  1^  stimuli  pro- 
ceeding directly  from  the  sensori-motor  nervous  axis.  la 
accordance  with  this  view,  the  psychical  acts,  consequent  on 
sensation,  have  be«^n  thus  localized:  a  sensory  improswcn, 
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though  anatomically,  all  may  be  considered  as  either  radiating 
or  conrergent  The  term  "  nerves  of  the  internal  seneea"  ap- 
plied to  the  white  fibres  of  the  hemispheres,  bj  Reil,  expresses 
the  general  notion  that  they  are  concerned  in  offices  of  con- 
duction related  to  the  exercise  of  the  emotional  and  intellec- 
toal  operations.  In  further  proof  of  this,  it  has  been  remarked, 
that  the  will  determines  only  the  per&rmance  of  a  given  act, 
or  the  accomplishment  of  a  certain  end  or  purpose,  not  the 
chain  of  individual  and  combined  movements  necessaiy  to 
arrive  at  such  results.  The  mind  is  ignorant  of  the  anatomical 
positions  and  connections  of  the  muscles  which  it  employs,  or 
even  of  their  existence ;  and  this  is  equally  true,  whether  an 
act  be  complex  and  effected  by  many  muscles,  like  one  of  the 
movements  of  the  upper  limb,  or  simple,  and  performed  by  a 
single  muscle,  as  occurs  in  raising  the  upper  eyelid,  or  taming 
the  eyeball  to  one  side.  In  either  case,  the  act  is  performed  by 
willing  a  result,  not  by  willing  the  muscular  contraction.  The 
regulation  of  the  muscles  of  the  larynx,  for  the  production  of 
the  various  vocal  tones,  is  also  similarly  accomplished  by  the 
will,  not  directed  to  tlic  laryngeal  muscles,  but  to  the  fmrpose ' 
of  pi-oducing  a  definite  note,  guided  by  the  sense  of  hearing. 
The  general  fact,  that  most  of  the  automatic  movements  per- 
formed by  muscles  of  animal  life,  such  as  those  of  laughing, 
yawning,  coughing,  sneezing,  winking,  and  so  forth,  can  be  imi- 
tated voluntarily,-  also  iavours  the  conclusion,  that  the  motor 
apparatus  immediately  exciting  the  motor  nerves  is,  in  the 
two  cases,  identical.  There  are  undoubtedly,  indeed,  volim- 
tary  movements,  which  may  become,  by  the  force  of  habit, 
automatic ;  and  many  ordinarily  automatic  movements  may  be 
suggested  tlirough  ideas,  or  imitated  by  the  action  of  the  will ; 
both  setsof  iacts  would  therefore  favour  the  conclusion  that  the 
nervous  apparatus  immediately  directing  the  movements  of  the 
muscles,  is  the  same,  whether  the  act  itself  be  automatic,  idea- 
tional, or  volitional.  Thus,  coughing  and  sneezing  may  be 
imitated  voluntarily ;  yawning,  by  seeing  others  yawn  \  the 
convulsions  of  hydrophobia,  by  looking  at  bright  objects  sug- 
gesting the  idea  of  water,  or  even  by  hearing  water  spoken 
of;  and,  lastly,  vomiting  may  occur  from  the  remembrance  of 
nauseous  tastes,  or  of  the  disagreeable  feelings  of  sea-sickness. 
On  the  other  hand,  the  action  of  walking,  or  even  those 
more  complex  movements  which  are  performed  in  playing 
on  musical  instruments,  may,  as  already  mentioned,  become 
habitual  or  automatic. 
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of  Man* 

Whetlier  the  mind  be  regarded  as  a  abgle  entity,  dist^ni ' 
frOTii  the  body^  or  whether  the  psychical  fnauiiestations  <>: 
mental  processes  be  viewed  a^  the  mere  r«aiiU  of  chaag*^  i 
the  nervous  suh&t^ince  of  tiie  eerebrum,  it  is  ccrt^n  tbut  li 
brain  is  the  <xiq>oreaJ  organ  through  which  those  fijuctioii" 
are  performed  \  for»  as  we  Ixave  soen,  in  order  to  give  rise  Vj 
those  phenomena,  which  we  are  acciiatomed  to  defiigtttii 
ni(?tita3,  either  external  or  inturna!  infltiencea  or  sdmiili  juit^ 
opt^rate  upon,  and  excite,  that  organ.  Moreover,  cUsturbaao?* 
in  itA  condj  tioBf  and  intorruption  of  it^  furictioni^^  are  att^nd^ 
with  eaaential  difiturbaneeci  in,  and  ceB^tion  of,  the  psycMcil 

QCti. 

The  fact,  already  mealioned,  that,  in  the  ascendmg  aeal#  of 
animals,  the  bnun  is  gradually  more  developed  as  the  EQenttl 
powers  in  crease  Justifies  the  inference,  that  the  superior  mentatl 
endowments  of  man,  as  conipart^l  with  those  of  animals,  ait 
related  to  those  parts  of  the  nervous  system,  the  extraordiJiirf 
development  of  which,  distmguialxeft  man  struoturaUy  torn 
animals. 

The  impregsions  traaaniitted  through  the  sensory  orgnns 
and  their  Benaory  norve%  to  those  paria  of  the  brain,  whirJi 
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tion  with  some  deeper  changes  in  the  nanrotu  sabatinoeY  a 
more  permanent  impression,  and,  by  some  occasional  canaSi  hj 
association,  or,  afVer  practice,  bj  the  force  of  the  will,  it  maj 
again  be  called  into  existence,  and  this  process  is  aptly  named 
recolUctiany  and  the  Scully  by  which  it  is  accomplished, 
memory.  These  ideas  constitute  the  materials  of  Ihrther 
thoughty  i.  e.,  of  cusociation^  comparison^  and  combinatum ;  and 
hence  arise,  amongst  other  notions,  those  of  the  distinction 
between  the  body  or  corporeal  frame  and  the  outer  world,  or 
what  are  sometimes  erroneously  designated  the  wbfect  and  the 
object ;  also  such  notions  as  repetition,  mass,  and  the  sequence 
of  erents. 

The  higher  animals  are  also  capable  of  forming  such  ideas, 
and  can  compare  and  combine  them  in  the  act  of  thinking^  so 
as  to  attain  certain  notions,  and  to  acquire  a  given  amount  of 
knowledge  and  experience.  But  the  sphere  <^  this  knowledge 
is  limited,  the  ideas  on  which  it  is  based  are  simple,  and  the 
notions  formed  are  what  are  termed  concrete ;  whilst  the  actions 
which  follow,  still  refer  merely  to  the  conditions  of  their  indi- 
yidual  life,  such  as  the  obtaining  of  food,  the  avoidance  of 
danger,  pain,  or  injury,  and  the  satisfaction  of  impulses  which 
tend  towards  the  maintenance  of  the  species.  By  means  of  edu- 
cation and  special  training,  a  wider  range  of  ideas  and  notions 
— still,  however,  of  the  concrete  form — may,  \rith  time  and 
labour,  be  imparted  to,  or  aroused  in,  certain  animals;  but  these 
are  all  extinguished  with  the  individual,  and  are  lost  for  the 
species.  At  the  same  time,  certain  special  instincts,  capable  of 
cultivation,  which  are  in  no  way  due  to  processes  of  reason, 
and  are  certainly  not  the  results  of  teaching,  but  rather  of 
primary  impulses,  originating  in  the  organisation  and  nature 
of  the  individual  animals,  may  be  trained,  and  strengthened, 
and  so  transmitted,  in  the  form  of  habits  to  the  young,  as  is 
seen  in  the  case  of  certain  breeds  of  dogs. 

In  the  human  mind,  however,  besides  the  perception  of 
simple  concrete  ideas,  and  the  formation  of  concrete  notions, 
abstract  ideas  arise  by  the  further  mental  process  called  ab- 
straction, and  sometimes  conception.  Not  merely  is  the  outer 
world  perceived  by  man,  and  recognised  as  an  existence 
external  to  himself,  consisting  of  objects  and  forces,  differ- 
ing from  each  other,  and  having  certain  mutual  relations; 
but  he  can  form  abstract  conceptions  concerning  himself,  even 
concerning  bis  mind,  as  distinguislied  from  his  body,  thus 
reaching  to  the  real  subjective  and  objective  distinctions  of 
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Moreover,  he  can  proceed  to  t^e^  and  xcMon  va 
ttract  ideas  and  notion^  an  T®t  forthir  nA  fan^- 


tbe  metaphjiioiflxi ;  far,  in  tbe  ertiinati0ii  of  ite 
the  body  is  objecciTe  to  the  iml  iatijecti¥e  '  %o,*  or '  hK*  Hi 
COD  likewise  form  gimllar  coticeptioDs  coocemixig  ikm  ooHt 
world,  the  properties  of  objects,  the  causee  ol  those 
the  Qiature  of  matter  aod  force,  the  laws  of  the 
so  forth, 

these  abstract  ideas  and  notion^  aa  y^ 
pendent  objeotg  of  thought.  The  higher  a&i 
inielligeDce,  and  understand 'f  but  man  Aloae,  Is  gifted  wil^ 
the  power  of  forming  abstract  ooncepdons,  and  «§vii  eoo- 
sidarlDg  these  \  in  other  worda,  he  alone  poaaoMei  Am  •ttri* 
butea  ofptire  rectson,  ThuH,  an  animal,  as  alreadj  nid,  naaf 
attain  to  a  notion  of  what  is  hot  or  cold,  pleaaaot  to  the  ftntc^ 
or  painful  to  the  touch,  of  the  repetitiona  of  objects,  of  mai^ 
and  sequence,  but  it  does  not,  like  man,  riae  to  a  coiioe|iCkB 
of  temperature^  taste,  or  pain,  of  manber,  gwnUitjff  ^P^oe^  *n^ 
causation,  apart  from  iacts,  and  from  its  concrete  ideas  and 
notions  of  experience ;  but,  beyond  this,  man  ia  enabled,  l^* 
his  faculty  of  abstraction,  to  form  the  higher  abatraci  id«% 
and  purely  psychical  notions  or  conceptions ;  prooeedii^  rtip 
by  step,  till  he  arrives  at  notions,  dim  it  may  be,  of  an  infimte 
past,  an  infinite  future,  a  first  and  sustaining  canae,  a  Creatioa 
and  a  Creator,  and  of  the  inevitable  relations  of  hia  own  natora 
to  the  great  plan  of  Providence. 

The  tTntttFicfg  of  iKiiniJils  are  inuate  hnpuhen,  ma tii fritted  va  1 
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common  instincts  form  the  basis  of  their  general  life ;  the 
instinct  of  self-preservation,  and  those  impulses  which  lie  at 
the  foundation  of  society  and  of  the  domestic  relations,  are 
the  most  powerful.  But  these  and  the  subordinate  instincts 
and  desires,  are  variable  in  degree  in  different  men,  and  thej 
are  controllable  by  reason,  and  by  will.  Hunger  and  love  are 
the  momenta  of  human  action ;  but  man  need  not  steal,  nor 
yield  to  the  suggestions  of  passion.  Hence  his  liberty,  his 
free-will,  and  his  responsibility.  As  consequences  of  this  free- 
dom of  will,  to  do  or  not  to  do,  man^s  mental  and  moral  nature 
is  more  plastic,  more  expansible,  and  more  improveable  than 
that  of  animals.  Animals  may  be  trained  and  become  obe- 
dient to  man,  probably  from  fear  of  punishment,  or  expecta- 
tion of  reward,  occasionally  perhaps  from  emulation;  they 
may  be  taught  to  do  this,  and  not  to  do  that ;  but  they  can 
have  no  abstract  conception  of  right  or  wrong.  Man,  however, 
xmdoubtedly  may  act  irrespectively  of  personal  motives,  with- 
out fear  of  consequences,  regardless  of  applause  or  gain,  and 
frequently  at  the  cost  of  self.  Animals  obey  a  master,  but 
even  then,  without  a  notion  of  obedience  in  the  abstract ;  but 
man  obeys  his  judgment,  knows  what  is  obedience,  and, 
moreover,  has  the  abstract  notion  of  rectitude. 

In  the  contemplaticn  of  abstract  right  and  wrong,  as 
applied  to  his  own  actions,  man  feels  his  imperfections,  but 
also  perceives  his  own  capacity  for  advancement  and  improve- 
ment, both  phyHical,  intellectual,  and  moraL  In  the  interests 
of  himself  and  of  his  race,  he  desires  this  advancement.  By 
his  intellectual  powers,  he  not  only  inquires  into  causes  and 
effects,  in  natural  phenomena,  but,  by  the  application  of  his 
knowledjre,  through  force  of  will,  ending  in  invention,  he 
renders  the  knowledge  he  has  so  obtained,  useful  to  his  fellow 
man,  and  to  his  posterity.  Moreover,  he  desires  and  loves 
knowledge  for  its  own  sake,  or  for  the  pleasure  it  affords  him, 
as  a  mcjins  of  insight  into  the  works  and  phenomena  of  Nature. 
In  the  sphere  of  morals,  the  desire  for  improvement  is  also  a 
characteristic  of  Humanity,  considered  in  the  abstract,  though 
it  may  be  lost  in  the  individual  man ;  it  has  been  even  re- 
garded as  a  Human  instinct.  But  the  standard  of  perfection 
conceivable  by  man,  is  felt  to  be  beyond  his  actual  reach ; 
and,  if  all  instincts  have  an  object,  this  also  must  have  its 
aim,  to  be  attained,  if  not  in  a  material,  in  a  spiritual  state  of 
existence. 


380 


SPECIAL  PHTSIOLOar. 


General  Summary  of  the  Functions  of  the  CerAro-Spimoi 
Nervous  System. 

Having  now  described,  in-  detail,  the  offices  of  the  serenl 
parts  of  the  cerebro-spinal  nenrouB  sjstem,  and  haYing  ilatad 
the  experimental  and  other  facts,  on  which  our  jet  impeiftet 
knowledge  of  those  functions  is  based,  it  maj  be  uaefid  to 
point  out,  by  way  of  general  summazy,  the  parts  ocmoenied  in 
the  exercise  of  each  of  those  leading  functions. 

Psychical  faculties, — There  is  reason  to  beliere,  that  all  the 
mental  phenomena,  properly  so  called,-— oommenoizig  with  per- 
ception, and  passing  on  to  ideation,  memory,  reaaomng,  and 
volition,  also  including  perhaps  the  emotions,  and,  if  we  cu 
regard  it  as  a  distinct  human  faculty,  the  power  of  emploTing 
spoken  or  written  signs  or  symbols,  to  express  ideas  and  nodOD% 
or  the  faculty  of  language, — are  exercised  or  manifested  funda- 
mentally, through  the  agency  of  the  cerebral  hemispheres,  espe- 
cially through  the  action  of  the  grey  matter  covering  thoM 
hemispheres.  All  these  &culties  are  injured  or  loat^  from 
seciions,  injuries,  diseases,  or  destruction  of  those  parts. 

Sensation. — Mere  sensation,  without  the  distinctness  and 
memory  associated  with  the  higher  faculties  of  attention,  per- 
ceptioii,  and  idcatioTi,  appears  to  have^  for  its  seats  or  centnei, 
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proved,  and  the  retention  of  excito-motor  power,  with  the 
cessation  of  sensibility,  which  necessarily  follow  the  severance  of 
the  cord  are  quite  explicable  on  the  hypothesis  that  it  is  merely 
a  conductor  of  sensory  impressions  upwards  to  the  encephalon. 
As  to  the  special  seats  or  centres  of  the  tactile  sense,  of  the  sense 
of  temperature,  of  the  common  sensibility  to  pain,  and  of  the 
muscular  sense,  the  latter  of  which,  however,  is  supposed 
by  some,  to  be  seated  in  the  cerebellum,  and  as  to  the  seats  of 
those  other  and  more  vague  sensations  belonging  to  the  vege- 
tative or  nutritive  system,  such  as  hunger,  thirst,  nausea,  want 
of  breath,  &c.,  we  are  quite  ignorant  of  their  exact  locality, 
although  there  may  be  special  centres  devoted  to  each  or  to 
some  of  them. 

Voluntary  motion. — The  seats,  or  centres,  in  which  the  voli- 
tional motorial  stimulus  originates,  are  certainly  the  cerebral 
hemispheres ;  for  the  will  is  completely  annihilated,  when  these 
are  removed,  or  when  their  integrity,  or  power  of  action,  is 
otherwise  interfered  with.  Whilst,  however,  the  will  to  act 
arises  in  the  cerebrum,  the  co-ordination  of  the  various  move- 
ments of  the  body,  seems  to  require  for  it«  accomplishment,  the 
direct  or  indirect  co-operati^on  of  the  cerebellum. 

Involuntary  motion. — Involuntary  motion  includes  move- 
ments suggested  by  ideas,  ideo-motor  (Carpenter),  emotional 
movements,  instinctive,  or  sensori-motor  movements,  which  are 
reflex  movements  of  a  more  general  and  more  highly  co-or- 
dinate character,  and  are  accompanied  by  sensation  ;  and  lastly, 
the  more  simple  reflex  or  excito-motor  movements,  which  are 
not  necessarily  accompanied  by  sensation,  and  which  include 
some  governed  by  the  spinal  cord,  and  others  regidated,  as  we 
have  hereafter  to  describe,  by  the  action  of  the  sympathetic 
system. 

The  ideo-motor,  or  ideational  movements,  such  as  those  of 
laughter,  or  sadness,  produced  by  ideas  passing  through  the 
mind,  must  have  their  organic  centres  in  the  cerebral 
hemisplieres ;  so,  too,  the  co-ordinated  movements  are  per- 
formed under  the  influence  of  ideas  arising  in  the  mind, 
during  reverie,  dreaming,  and  somnambulism,  when  con- 
sciousness is  absent. 

The  emotional  movements,  such  as  the  sobbing  of  grief,  or 
the  smile  of  joy,  must  likewise  have  the  cerebral  hemispheres 
as  their  centres  of  origin,  if  we  regard  those  hemispheres  aa 
the  seats  of  the  emotional  faculties  themselves ;  and  not,  aa 
some  imagine,  the  great  ganglia  at  the  base  of  the  brain. 
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The  imfmcfwe  or  scnsori- motor  movemetitm,  sack  us 
of  sucking,  clinging,  or  attempting  to  retain  di«  bal 
winking  the  eyes,  and  many  ottien,  manifeated  cnren  in  At 
new-bom  infant,  appear  to  haye  tbeir  wat  in  the  great  oaHtn 
of  sensorial  and  motorial  excHabili^,  extendiiig  flom  fl» 
corpora  striata,  optic  tbalami,  and  corpora  qnadr^flBiiDa, 
through  the  cerebral  pedimcles,  the  pons  and  madnUa,  and 
down  through  the  whole  length  of  the  8[nnal  oord ;  fat  ■oA 
movements  continue  afler  the  oerebnd  hemiqiherea  have  beea 
removed,  in  animals,  and  occur  in  the  human  infimt^  in  ea«i 
of  monstrosity,  in  which  the  upper  part  of  the  beminlMnt  ii 
wanting.  These  instinctive  movementB  nerelj  dims  fioni 
the  ordinary  reflex  acts,  in  being  asaociated  with  aenstioii,  ia 
being  more  complex,  and  in  involving  a  greatar  ertenft  of  At 
nervous  and  muscular  apparatus. 

The  simpler  refleXy  or  excito-motar  acts  an  ah»  pcdhnned 
through  the  agency  of  the  same  motorial  grey  OMitrey  extend- 
ing from  the  corpora  quadrigf>mina  down  to  the  lower  end  of 
the  cord;  but  they  involve,  in  their  peribnnancey  anallar 
portions  of  that  long  chain  of  grey  nervous  aabatanoe,  and  di 
not  necessarily  excite  its  sensorial  |)ortion8. 

Of  the  reflex  movements  generally,  whether  eaEcito-motor  or 
sensori-motor,  some  are  concerned  in  regulating  the  fhnctioiis 

of  t>T«>    orrrnna  nf  fhf^    ##«*«*^  an<*h    ft"    t>^fl«»  wh'*»b 
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are,  the  snatching  away  of  the  hand,  or  the  sadden  lifting  np 
of  the  feet,  from  unexpected  causes  6firritation.  Manj  other 
illustrations  may  also  be  adduced  of  such  reflex  movements ; 
such  are,  for  example, — ^belonging  to  muscles  of  animal  life-— 
the  starting  on  hearing  sudden,  loud  noises,  probably  also  the 
movements  of  walking  in  sleep,  or  in  the  state  of  somnam- 
bulism, though  these  imply  also  a  great  power  of  co-ordination ; 
even,  to  a  certain  degree,  the  ordinary  unconscious  walk  of  per- 
sons absorbed  in  thought ;  the  performance  of  complex,  though 
habitual,  movements  on  musical  instnunents;  other  habitual, 
and  all  the  instinctive  movements  of  men  and  animals ;  and,  as 
the  results  of  morbid  or  exalted  action,  the  rolling  of  the  eyeball 
and  spasm  of  the  eyelids,  in  irritable  states  of  the  retinaj  and 
the  spasmodic  movements  of  hydrophobia,  hysteria,  chorea, 
epilepsy,  and  tetanus.  In  the  sphere  of  vegetative  life,  may 
further  be  mentioned,  the  action  of  the  cardiac,  and  perhaps  of 
the  pyloric,  circular  fibres  of  the  stomach,  and  certain  general 
movements  of  the  stomach  and  intestines ;  yawning,  and  sigh- 
ing, as  the  results  of  iatigue,  or  of  some  oppression  of  the 
respiratory  organs ;  and  even  laughter,  when  caused  by  tickling, 
and  not  by  ludicrous  ideas,  or  pleasurable  emotions. 

The  office  of  the  great  excitable  nervous  centre  of  the 
refiex  actions,  may  be  said  generally  to  be,  to  excite  and  r^u- 
late  aJl  the  muscular  movements  necessary  for  the  continuance 
of  organic  or  vegetative  life.  It  has  been  well  remarked  that 
it  never  sleeps.  (Marshall  Hall.)  Whilst  various  movements, 
immediately  necessary  for  the  preservation  of  tlie  organs,  or  of 
life  itself,  arc  thus  performed,  those  which,  like  the  prehen- 
sion of  food  and  others,  are  only  more  remotely  necessary, 
have  more  or  less  of  reason  and  will  associated  with  them. 
In  this  latter  case,  the  afferent  impreasions  firom  without,  ascend 
to  the  cerebrum,  and  operate  by  inducing  ideas,  emotions, 
reasoning  processes,  and  volition ;  and  this  is  the  ordinary  case 
with  man.  If,  however,  their  ascent  to  the  cerebrum  be 
arrested  by  sleep,  coma,  the  influence  of  narcotics,  or  the  actual 
destruction  of  the  parts  by  disease ;  or  even  if  the  powers  of 
the  attention  be  not  directed  to  them,  then  purely  sensori-motor 
actions  ensue,  as  is  the  normal  case,  in  those  of  the  lower  Aninu»]f 
which  possess  no  higher  nervous  centres  than  these  sensory 
ganglia.  Extremely  powerful  stimulation  of  these  parts  in 
man,  is  also  followed  by  sensori-motor  acts,  even  when  the 
cerebral  functions  are  in  a  state  of  perfect  activity.  The 
actions  of  infants  generally  exhibit  the  same  absence  of  cere- 


engaged ;   that  is  to  s;iy,  of  the  ailV 
tlie  external  stimulus,  ;nul   cdiivey 
c< 'litre,  and  of  the   ellerent  nen'es  \ 
thrown  into  action.     These  details 
the  description  of  the  functions  of  tht 
in  these  reflex  movements. 

The  involuntary  reflex  movements, 
simple  in  their  nature,  require  no  pr 
struction  for  their  proper  performan 
occurrence  is  provided  for,  independei 
intelligence  and  the  will,  so  that  the  i 
its  own  workings,  whilst  the  care  of  t. 
other  powers  resident  in  the  system,  wl 
tion  of  the  volitional  power.     Neveri 
reflex  movements,  whetlier  ideational, 
or  simply  preservative,  may  be  controlle 
also  be  imitated  imder  the  influence  of 
stop  laughter  or  sobbing,  or  arrest  for  a 
movement ;  or,  on  the  other  hand,  we  n 
these  movements  through  voluntary  effc 
ber  of  these  movements,  however,  are  p 
the  direct  control  of  the  will,  as  the  m 
Ibid  the  last  stage  of  deglutition. 

The  higher  reflex  movements,   viz. 
emotional,  are  ordinarily  accompanied 
sensation ;  but  ideas  occurrincr  ^r*  '^— 
of  unconscio""**^ — 
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J^lutition  and  of  respiration,  in  a  state  of  profound  coma,  and 
>f  respiration  under  the  influence  fC  chlorofonn,  or  in  the 
condition  of  sleep,  both  of  which  have  the  effect  of  perfectly 
loi^nding  conscious  sensation.  This  independence  of  sen- 
wtion,  on  the  part  of  the  reflex  acts,  necessarily  diminishes  the 
htigue  that  would  be  attendant  upon  their  performance,  if 
&hey  were  incessantly  brought  before  the  mind,  as  subjects  of 
ihe  fiiculty  of  attention. 

There  are  certain  movements,  performed  by  man  and  nnimii^ 
which  are  known  as  automatic ;  examples  of  these  are  met 
Arith  not  only  in  the  involuntary,  but  also,  in  the  voluntary 
nuscular  organs.  The  rhythmic  movements  of  the  heart,  are 
>f  this  kind,  and  also  those  of  respiration.  But  besides  this, 
certain  instinctive  acts,  and  even  the  simpler  or  habitual  acts 
>f  locomotion,  have  been  r^;arded  as  automatic,  or  as  simple 
*eflex  movements,  performed  without  the  agency  of  the  will. 
!n  the  cold-blooded  vertebrata,  and  still  more  obviously,  in  in- 
ects  and  myriapods,  for  example,  simple  progressive  locomotion 
appears  to  be  almost  or  entirely  independent  of  volition ;  for 
lecapitated  centipedes  will,  if  stimulated,  run  rapidly  forward, 
irill  even  raise  their  headless  trunks  over  small  obstacles,  and 
orce  them  persistently  against  more  formidable  ones ;  decapi- 
ated  lizards  exhibit  similar,  though  less  prolonged,  movements, 
n  the  habitual  movements  of  walking  performed  by  ourselves, 
olition,  and  sometimes  even  consciousQess,  take  but  little  or 
lO  part;  and  thus  they  become  truly  automatic.  Many 
•ersoQS,  moreover,  as,  e.g.,  orators,  actors,  musicians  and  par- 
icular  handicraflsmen,  acquire  by  habit,  or  necessity,  the 
ower  of  performing  very  special  movements,  without  the  con- 
inued  aid  of  volition;  such  movements  have  been  named 
tcondarily  automatiCy  and  have  been  supposed  to  be  accom- 
lished  through  the  sensori-motor,  or  even  through  the  purely 
xcito-motor,  nervous  centres.  They  are,  indeed,  reflex  actions 
fa  higher  order  than  the  reflex  movements  natural  to  every 
ne,  and  might  be  termed  acquired  reflex  acts,  or  acts  of 
nconscious  volition,  which  itself,  viewed  as  a  cerebral  process, 
i  a  reflex  act  of  the  highest  order. 

In  passing  from  the  functions  of  the  cerebro-spinal  nervous 
^stem,  to  a  consideration  of  those  of  the  sympathetic  nervous 
^stem,  we  shall  find,  that  this  system  also  acts  in  a  reflex 
lanner,  possibly  solely  and  entirely  in  that  manner,  and  that 
le  reflex  acts  governed  by  it,  are  quite  involuntary,  and, 
t  least  in  health,  independent  of  sensation. 
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The  structure  of  llie  sjmpatlietic  oerrea,  and  tlieir  aont^ 
muml  coimections  with  the  cerebro-spinaJ  Hyst^m,  aiibfd 
reasonable  ground  for  the  opinion,  that  this  rGmsirkablj  caio- 
plicated  part  of  the  nt»rvoua  eystem  i%  neither  phjsiologicaUj, 
HOT  anatonileallj,  to  be  couildered  a^e  a  mer«  porti0]i  ol  thi 
cercbro-iptnal  nervous  ajstenif  noryetttiatpiteiii  mdepeode&t 
of  it ;  but  that  it  is  phyaiolt^icaUy  poaeesscd  of  certain  sptcill 
iunctiona,  at  the  saioe  time  that  it  is,  in  many  points,  fuacoon* 
a  IK"  aasociated  with  the  cerebro-spinal  Byateiu* 

The  nerve  fibres,  whether  white  or  gixughonic,  and  thi&  Sttb- 
sfnnee  of  the  ganglia  them^lvaB,  ore,  like  the  oerFes  and  gnj 
centrei^  of  the  cerebn:>-epiiiat  sjatetn,  conductors  of  thid  e&cn 
of  inipresstowB  made  upon  them* 

DoublJeBs,  also,  the  nervet  conBiiit  of  both  afftrtni  mA 
e/ermt  fibres,  Borae  of  the  aflferent  fibres  probably  termioa^ 
in  the  aynj  pathetic  ganglia ;  whilst  an  me  undoubtedly  procotti 
through  tiie  gauglla  on  to  the  cerebro-spinal  centra  mi 
porae  alao  perhaps  pass  from  the  grey  matter  of  the  sympat^i^^ 
ganglia,  to  the  grey  matter  of  the  cerebro-spinal  eetitras»  Hit 
conaections  of  the  efferent  iibres,  are  certainly  with  tJie  gan- 
glionic grey  suhsitatice  of  the  aympathetie  ganglia  theniaelr^; 


FUNCTIONS  OF  THE  STHPATHETIC.  387 

^e  limbs,  it  is  probable  that  the  greater  part  of  the  influence 
srhich  they  exert  upon  the  viscera,  and  on  other  parts  of  the 
3ody,  is  exercised  through  a  certain  control  over  the  muscular 
substance  of  the  heart,  and  over  the  muscular  coat  of  the 
irterial  vessels.  The  sympathetic  nervous  system  might  be 
lesignated  the  nervous  system  of  the  vascular  apparatus; 
its  ultimate  branches  constitute  the  so-called  vasi-motor  nerves. 
We  shall  immediately  see  evidence  of  this  control,  and  of 
:he  manner  in  which  it  appears  to  be  exercised;  and  we  shall 
ind  that,  even  in  this  fimction,  it  is  more  or  less  assisted  by, 
ind  subordinated  to,  the  cerebro-spinal  system. 

We  may  consider  the  special  functions  of  this  system,  in 
Illation  to  sensation,  motion,  nutrition,  and  secretion,  and 
x>  the  physiological  connection  between  it  and  the  cerebro- 
spinal system. 

The  sympathetic  nerve,  when  the  parts  to  which  it  is  sup- 
plied, are  in  a  state  of  health,  does  not  appear  to  be  sensitive 
tself,  nor  to  transmit  sensory  impressions;  for  there  is  no 
'eeling  in  the  parts  to  which  these  nerves  are  distributed, 
^hen  they  are  in  a  condition  of  health.  In  disease,  however, 
jramps  and  other  pains,  sometime^  of  a  most  acute  and  depress- 
ng  character,  are  experienced  in  theni ;  the  effects,  as  one 
yould  say,  of  an  exaltation  of  the  common  sensibility  without 
iny  tactile  sense.  In  experimental  irritation  of  the  sympa- 
;hetic,  pain  is  produced,  the  amount  of  which  seems  to  vary 
mder  different  circumstances.  In  all  cases,  the  stimulus  must 
>e  j>owerful  enough  for  the  effects  of  the  impression  to  be  trans- 
nitted  to  the  cerebro-spinal  system,  and  reach  the  centre  of 
common  sensation  ;  for  the  substance  of  the  sympathetic  is 
tself  insensible,  and  the  sensibility  of  parts  supplied  by  its 
tranches  only,  must  be  due  to  its  connection  with  the  cerebro- 
ipinal  system.  Whether  tlie  effects  of  such  impressions,  are 
jonducted  by  afferent  fibres,  running  direct  from  the  sympa- 
hetic  nei-ves  to  the  cerebro-spinal  nerves,  or  whether  they  are 
irst  conducted  to  the  sympathetic  giuiglia,  and  thence  indi- 
•ectly,  by  fibres  originating  in  the  grey  matter  of  the  sympa- 
hetic  ganglia,  is  not  quite  certain.  If  the  former  be  true,  the 
•eason  why  tlie  parts  supplied  by  the  sympathetic  nerves,  are 
nsensible  in  health,  must  be,  because  the  number  of  afferent 
jerebro-spinal  fibres  in  them  is  so  few ;  if  the  latter  view  be 
jorrect,  the  insensibility  of  these  parts  in  health,  must  depend 
m  the  interruption,  or  cutting  off,  of  the  sensory  impressions  at 
be  ganglia.     Again,  the  increased  excitability,  produced  in 
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diiseaflie,  #ith^  compem^tes  for  the  paucitj  of  dit  tfetfil 
ftbries,  or  else  causes  the  eftectn  of  the  sensory  m^pr^rnkma  to 
be  tTiuisinitttid,  with  greater  furcSf  through  t£i«  gaxiglk. 

In  regarfl  to  the  control  of  the  sympathetic  nerre  ota 
the  motions  of  the  parts  to  which  it  is  supplied,  it  ig,  tn  ih 
first  place,  iinportant  to  uott,  tLat  this  Bj&tejn  ia  n^rer  ite 
path  of  the  Toluntury  motoriaJ  &timulu;s,  the  xaoTements  afall 
the  purta  being  strictly  involiintaiy,  or  entirely  bejcitid  tiw 
euutrol  of  the  will.  Thus  the  luo Yemen ts  of  the  tiit43stinaa«  m 
argiog  o awards  tlieir  contents,  are  reflex,  and  excited,  Usroti|i 
the  sympathetic  nerves,  by  the  mechamcal  utimuJiiii  af  ^t 
food. 

That  the  Bynipathetic  nervous  s)'8tem  inHuencea  the  mote- 
men  ta  of  the  partd  to  which  it  is  ^ftipplied^  is  prDV0d  by  irn* 
tation  of  th^  nerve,  and  by  its  division.  Irrlt^iicm  of  thf 
sympathetic  nerve  distributed  to  the  iris,  CAUses  tiuit  mem- 
brane to  conlract  in  ita  width,  bo  that  the  pupil  becoiBe* 
dilated. 

The  kniicttlar  ganglion  of  the  orbit,  is  the  centre  whkll 
governs  the  nutrition  of  the  ejeball^  and  through  which  the 
movements  of  the  iris,  are  accojnpllshed  ;  the  sensory  nerv«iM  ^ 
tbe  eyeball,  coming  Jrom  the  fir^t  divbion  of  tht;  Btllu  and  tbe    ] 
motor  nerves  from  the  third  cranial  nerve^  paaa  tJi rough  it, 

i  elsewhere  explained.     The  relative  Bize  of  thk  gan^f 
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Irritation  of  the  nerves  of  the  heart,  affects  the  movements 
of  that  organ.  Galvaniem,  applied  to  the  cervical  part  of  the 
sympathetic,  to  the  superior  thoracic  ganglion,  to  the  branches 
connecting  it  with  the  spinal  cord,  or  to  the  cervical  portion  of 
the  latter,  determines  a  remarkable  acceleration  of  the  hearths 
beats ;  in  the  two  latter  cases,  in  a  less  marked  manner.  The 
diminution  in  frequency  of  the  action  of  the  heart,  by  a  weak 
stimulation,  and  its  complete  arrest,  by  a  strong  stimulation  of 
the  vagi  nerves,  have  already  been  mentioned,  as  well  as  the 
weakening  effect  of  removal  of  the  cerebro-spinal  axis.  The 
pulsations  themselves  seem,  therefore,  to  be  determined  by 
8ome  influence  emanating  from  the  S3nnpathetic  nerve,  but 
their  force  is  governed  by  the  cerebro-spinal  axis. 

In  the  same  manner,  irritation  of  the  splanchnic  nerves,  of 
the  thoracic  portion  of  the  sympathetic,  or  of  the  dorsal 
region  of  the  spinal  cord,  causes  movements  in  the  intestines, 
ureters,  and  bladder;  but  very  strong  galvanic  shocks  diminish 
the  intestinal  peristaltic  action. 

These  movements,  even  when  excited  by  stimuli  applied 
close  to  the  ganglionic  centre,  and  j)erformed  by  parts  near  this 
centre,  always  occur  slowly,  and  not  instantaneously  and  spas- 
modically, as  is  the  case  with  movements  excited  through  the 
cerebro-spinal  nervous  system  ;  they  are  more  or  less  rhyth- 
mical, continuing  to  be  performed,  for  some  little  time,  at 
regular  periods  of  succession,  and  passing  off  slowly.  When 
these  movements  become  languid,  or  even  have  altogether 
stopped,  they  may  be  increased  in  activity,  or  entirely  revived, 
by  the  fresh  irrit^ition  of  the  sympathetic  ganglia  or  neiTes. 
These  peculiarities  of  the  reflex  actions  of  the  s}Tnpathetic, 
have  been  attributed  to  the  modifying  and  diffusive  influence 
of  the  ganglionic  cells,  through  which  they  are  supposed  to  be 
transmitted.     (Fick.) 

The  influence  of  the  vasi-motor  ner\'es  over  the  smaller 
arteries,  is  shown  by  dividing  the  sympathetic  nerves  distri- 
buted to  any  part,  Jis,  for  example,  in  the  neck  of  a  rabbit, 
when  the  small  arteries  of  the  corresponding  side  of  the 
face,  and  of  the  ear,  become  dilated,  the  blood  collects  in 
them,  and  accumulates,  as  is  manifested  by  their  dark  red 
appearance  and  increase  of  temperature,  and  by  the  general 
exaltation  of  the  vital  powers  of  all  the  tissues :  the  tempe- 
rature is  sometimes  elevated  as  much  as  18°;  perspiration 
covers  the  skin ;  the  venous  blood  is  brighter,  and  coagulates 
more  quickly  than  usual.     The  retina  becomes  more  sensible 
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to  ligtt ;  the  ptipil  eontractR,  the  eyelids  are  parti aIIj  f'^s&sL 
the  meniliniTifl  nictit4ins  projects,  the  eyeball  is  retmrred*  *s<I 
a  flow  of  tciirs  tiikes  plac*^.  The  niUBcles  are  more  irritabk ; 
the  rigiir  mortia  appc?arB  more  slowly*  and  lasts  longer;  m- 
flammntion  and  the  rcpunition  of  injiiriea,  effti^an  of  senim^ 
mippuration,  and  absorption  of  extra vsLsnled  blood,  and  tJi»J 
prpcese  of  cicatrisation,  occiuf  more  quickly,  and  are  moit 
active.  If  now  the  upper  portion  of  the  ctit  f^'inpatliecic 
nerve  be  irritated  by  galvanisra,  the  veaaela  again  contr»«3 
to  their  usual  size,  the  parts  aasiime  their  natural  appmi^ 
ance  and  condition,  aod  all  the  preceding  phejiomena  are 
exactly  reTerfled.  The^e  singular  effects  are  more  muHciftJ, 
if  the  cervical  ganglia  are  destroyed.  Other  e-TEperim*ints 
Iikewi.^e  appear  to  exhibit  the  power  of  the  pymjMitbefic 
over  the  circulatioii,  tenjperatUTei  and  vital  properties  of 
the  tissues.  Thus,  division  of  tlie  roots  of  the  spinal  nmr^ 
of  the  upper  limb,  before  thoy  leave  the  spinal  cimal, 
causes  loss  of  sensation  and  motion  in  the  limb,  but  no 
change  of  temperature ;  whereas  division  of  the  lai^e  nerve*  of 
the  limb»  subwequently  performed,  is  at  once  fi>tIowed  by  a 
rise  of  the  temperature  of  the  part^  certain  fibres  being  th^ 
divideil,  which  must  have  their  origin  dinictly  In  the 
sympathetic  ganglia*  or  else  must  pas^  through  tht^m,  ^m 
some  distant  part  of  the  spinal  cord.    (Bernard.)     Soitlso^  m- 
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the  irritation  produced  by  intestinaL  worms,  is  explained  by 
supposing  that  tlie  nutiition  of  the  retina  is  impaired,  owing 
to  tlie  contraction  of  the  vessels,  causing  a  diminution  of  its 
supply  of  blood.  It  was  found  by  Brown  S^uard,  that  when 
one  hand  was  immersed  in  water  at  32°,  the  temperature  of 
the  opposite  hand  fell,  though  that  of  the  rest  of  the  body 
remained  unaltered ;  this  effect  he  attributes  also,  to  the  dimi- 
nution of  the  nutrient  arteries,  through  the  influence  of  the 
stimulus  upon  the  vasi-motor  fibres  of  the  sympathetic  system, 
transmitted  to  the  opposite,  but  corresponding,  part  of  the  body. 
Whether  this  effect  is  due  merely  to  the  diminished  supply  of 
blood,  or  partly  to  the  residting  interference  with  the  ordinary 
nutritive  changes  of  oxidation,  is  uncertain.  Ice,  applied  to 
one  wing  of  a  bat,  causes,  in  like  manner,  contraction,  or  even 
closure,  of  the  vessels  of  the  corresponding  point  of  the 
opposite  wing.  If  a  freezing  mixture  be  applied  to  the  ulnar 
nerve  at  the  elbow  joint  in  the  living  body,  the  two  inner 
fingers,  at  first,  become  slightly  colder,  but  their  temperature 
slowly  rises,  till  they  are  at  length  some  9®  or  10°  warmer 
tlian  the  three  outer  fingers,  owing  to  paralysis  of  their  vasi- 
motor  nerves ;  the  teni[)erature  of  the  three  outer  fingers  is 
probably  lowered,  on  account  of  the  diminished  quantity  of 
blood  in  the  radial  artery,  so  that  this,  in  part,  accounts  for  the 
difference  in  temperature.  Pressure  of  the  finger  behind  the 
ramus  of  the  jaw,  i)roduces  phenomena,  some  of  which  are 
similar  to  those  observed  on  irritating  the  sympathetic  in  the 
neck ;  others,  however,  are  due  to  irritation  of  the  pneu- 
mogastric  nerves ;  e.g.^  heat  and  tingling  of  the  ear,  difficulty 
of  breathing,  cardiac  and  gastric  disturbance,  and  even  dila- 
tiition,  and  subsequent  contraction,  of  the  pui)il. 

The  real  nature  of  the  dilatiition  of  the  vessels,  which  ensues 
on  division  or  i)aralysis  of  the  sympathetic  nerves,  is  un- 
certain ;  some  maintain  that  it  is  active,  and  that,  just  as  the 
pneumogastric  nerves  serve  to  inhibit,  regulate,  or  restrain  the 
movements  of  the  heart,  so,  in  this  case,  some  active  dilating 
influence  is  the  cause  of  the  relaxation  of  the  muscular  coats 
of  the  vessels ;  ficcording  to  others,  however,  the  dilatation  is 
passive. 

It  is  remarkable,  that  movements  similar  to  those  already  men- 
tioned in  the  heart,  the  intestines,  and  in  the  coats  of  the  small 
vessels,  may  be  produced  by  irritation  or  division  of  certain 
portions  of  the  spinal  cord,  those,  in  fact,  with  which  the  sym- 
pathetic nerves,  supplying  any  given  part,  are  connected ;  so  that 
the  influence  of  the  sympathetic  nerves,  on  the  movementa  of 


^.  v^ver  me  visceral  nw 
ganglion  of  th(»   orl)it,  lias  Ik'ch 
connocti'd  with  tlw  sjiinal  cord  b( 
second  dorsal  vertebra,  and  also  > 
oblongata.     The  sympathetic  nei 
nected  with  the  cervical  and  uppe 
the  intestines,  with  the  lower  dor 
is  further  supposed,  that  when,  fr 
amount  of  stimulus,   proceeding  ft 
sympathetic,  is  withdrawn,  the  ve 
act  of  blushing,  and  under  other  a 
cause  pallor.     But  these  phenomena 
relative  force  of  the  heart's  action,  s 
movements  of  the  viscera  may  also 
agitation  of  the  heart,  or  by  increase 
intestines. 

Emotional  movements  may  likewj 
supplied  by  the  sympathetic  nerves 
produce  them,  must  of  course  origi 
centre  of  the  emotions.  There  is  ret 
even  may  act  in  a  similar  manner. 

/n^fincftVe  causes,  or  like  actions  ofi 
may  produce  effects  upon  associated  pi 
through  the  sympathetic  nerves;  af 
act  of  sucking  produces  an  accompai 
of  saliva.  The  similar  increased  se 
gland  in  shedding  tears.  »flB^— '- 
gtdmulw  -^     • 
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be  checked  by  strong  emotions.  It  is  probable  that  tibe  gastric 
secretion  is,  like  the  saliva,  also  excited  by  mental  stimuli ;  it 
has  been  seen  to  be  rapidlj  secreted  in  &sting  dogs,  at  the 
sight  of  food. 

Of  simple  reflex  acts,  performed  through  the  cords  and 
ganglia  of  the  sympathetic,  we  have  numerous  instances ;  and 
in  uiese  cases,  too,  we  shall  find  that  sometimes  they  are 
performed  through  the  intervention  of  the  spinal  cord ;  thou^ 
cases  may  be  quoted,  in  which  the  sympathetic  must  act  alto- 
gether independently  of  the  oerebro-spinal  system.  Thus,  it  ia 
said,  when  the  visceral  nerves  of  the  abdomen  of  an  animal  are 
powerfully  galvanized,  movements  of  the  abdominal  muscles 
are  excited ;  and  irritation  of  the  firog^s  intestines  or  liver,  will 
also  excite  movements  in  certain  voluntary  muscles. 

In  the  human  subject,  too,  both  the  striated  and  non- 
striated  muscles  may  be  affected  through  the  eympathetic 
nerves,  for  strabismus  or  squinting,  convulsions  in  in&nts, 
and  epileptic  attacks  in  the  adult,  are  sometimes  caused  by 
worms,  or  irritating  substances,  in  £he  alimentary  canal ;  more- 
over, a  form  of  paralysis,  known  as  reflex  paralysis,  and  cer- 
tain muscular  symptoms,  showing  disturbance  of  the  nervous 
system,  are  sometimes  induced  by  disease  or  irritation  of 
(fistant  viscera,  or  of  highly  sensitive  parts,  such  as  the  dental 
nerves ;  whilst  colic  and  even  diarrhoea  frequently  result  from 
the  introduction  of  irritant  substances  into  the  alimentary 
canal,  and  from  the  irritation  of  teething  in  infants.  In  the 
foregoing  cases,  it  would  seem  that  the  fibres  of  the  sympathetic 
system,  play  an  afferent  part  as  r^ards  the  stimuli  employed; 
and  that  the  effects  of  the  stimuli,  are  conveyed  to  the  reflex 
centre  of  the  spinal  cord,  and  thence  act  upon  efferent  fibres 
belonging  to  the  cerebro-spinal  system.  But,  in  the  second 
place,  examples  of  reflex  acts,  performed  through  the  sympa- 
thetic, quite  independently  of  the  cerebro-spinal  system,  are 
found  in  the  case  of  those  movements  of  the  intestines,  or  of 
the  heart,  which  continue  after  the  trunks  of  their  nerves  are 
divided,  or  even  after  they  have  been  entirely  removed  fi:om 
the  body.  The  apparatus  through  which  the  movement,  in  such 
cases,  is  excitedmustbe  the  sympathetic  nervous  system.  When, 
indeed,  a  stimulus  is  applied,  under  such  circumstances,  to  a 
part  of  the  intestine,  or  to  a  portion  of  the  heart,  the  movement 
produced  is  not  merely  local,  but  is  transmitted,  or  propagated, 
to  neighbouring  parts ;  and,  instead  of  producing  only  a  single 
motion,  as  would  be  the  case  in  a  detached  voluntary  muscle, 
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tlio  movrmont  *h  0(»ritinu«*(l,  nud  c»von  follows  the  onlmaTT 
]Mrist,'iltii'  or  rlivtliiiiif  cliaractcr.  Tliu  crntros,  through  wliich 
thr  fllri'ts  of  thr  Miiiiiilus  :iro  tlnia  uxtiMuliMl  beyond  the  im- 
nuMliati'  <*'ii\  nt'  tln'ir  aiiplicatinn,  arc  thi*  intrinsic  or  visoral 
uaiiLflia,  to  ami  t"n>iii  ^^lli(•h,  allrrcnt  and  t'lliTent  fibres  convey 
till-  cirrrts  of  till-  stimulus,  in  tlio  ordinary  rcllex  manner. 
Actni'ilinL'  tn  aiidtlnT  vit'W,  tlu'st?  giuifjiia,  during  lile,  are  the 
rnitn's  u\'  a  (linrt  irnverninir  i'oniv^  which  rogulatcs  the  movo- 
uH-nis  nrtlic  |)arls,  iliat  is  to  say,  a  central  stinnduA  originate?  in 
tlMMii,  indcjM  lulcutly  of  the  eljccts  of  stimuli  convoyed  to  them 
by  atliTfUt  lil)?cs.  Tlic  details  ot'  this  subject,  will  be  fomni 
in  the  Sei'tinns  nn  ])iiLr«'sti(tn,  and  Circulation,  in  the  account 
of  tlie  niovi'm«-rits  of  tin*  heart  and  the  intestines,  and  ol' their 
d«-jM'iidi'nc«"  on  till'  nervous  Mstcm. 

As  ain-ady  staled,  the  movements  of  the  heart  and  intestine*, 
wlu-ther  jM-rfornied  l»y  rellex  aetions,  L'overued  through  the 
sympathetic  system,  or  by  the  action  of  direct  centric  stimuli. 
<»riLn Mating'  in  the  sympathetic  system,  and  entirely  beyond 
the  control  of  the  will,  may  be  allected  through  tho  cerebru- 
s{)ina!  system,  hy  exciting  or  depressing  ideas  and  emotions. 
Jjustly,  experiiiH'nts  show  that  the  sympatlietic  is  so  far  de- 
jx.-ndent  on  the  cerebro-spinal  axis,  that  stimulation  of  certain 
jiarts  of  the  hraiii,  excites  movements  in  the  muscles  of  veL'e- 
tative  lite:   and  that,  atb-r  destruction  of  brain  and   cord,  the 
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Tlie  effects  of  di^sion  of  the  sympathetic,  in  causing  dila- 
tation of  the  vessels,  and  congestion  of  anj  part,  bj  paralys- 
ing the  muscular  fibres  of  the  coats  of  the  small  arteries,  which 
have  already  been  noticed  (p.  389),  are  supposed  to  offer  an 
explanation  of  the  mode  in  which  the  sympathetic  nerves  may 
inffuence  the  processes  of  nutrition  and  secretion,  as  observed 
in  the  increased  flow  of  tears  and  saliva,  under  certain  circum- 
stances ;  but,  besides  that  indirect  mode  of  action,  it  appears 
probable,  that  the  nerves  may,  in  certain  instances,  exercise 
a  direct  influence  over  the  various  chemical  processes  of 
nutrition  and  secretion  (see  Secretion  and  Nutrition).  The 
function  of  nutrition  would  seem  to  be  more  intimately 
connected  with  the  sympathetic,  than  with  the  cerebro-spinal 
system ;  for  it  has  been  found  that,  in  frogs,  the  nutrition  of 
the  parts  to  which  the  spinal  nerves  are  distributed,  is  much 
more  impaired,  when  these  are  divided  afber  they  have  passed 
the  inter-vertebral  ganglia,  than  when  they  are  divided  behind 
those  ganglia.  (Axuiann.)  In  like  manner,  division  of  the  fiilh 
cranial  nerve  in  front  of  the  Gasserian  ganglion,  leads  to  more 
rapid  inflammation,  and  consequent  destruction,  of  the  eye,  than 
division  of  tlie  same  before  it  entci*s  the  ganglion.  (Magendie 
and  Longot.)  Lastly,  it  has  been  noticed,  that  paralysis  of 
both  tlie  sensory  and  motor  roots  of  the  spinal  nerves,  is  fol- 
lowed by  grt^ater  disturbance  of  nutrition,  than  when  the 
motor  roots  only  are  implicated. 

Bilateral  or  Double  Action  of  the  Nci'vous  System. 

In  describing  the  nervous  system,  we  have  repeatedly  al- 
luded to  the  strictly  bilateral  character  of  its  anatomical  con- 
struction ;  and  in  treating  of  its  fimctions,  it  must  not  be 
forgotten,  that  it  possesses  a  perfect  physiological  duality ;  and 
this  fact,  coupled  with  the  decussating  structures  met  with  at 
certiiin  points,  and  with  the  cross  action  of  those  parts  from 
side  to  side,  leads  to  certain  curious  results. 

Thus,  passing  from  below  upwards  in  the  cord,  sensory  im- 
pressions cross  over  to  the  grey  matter  of  the  opposite  side, 
inmiediately  through  the  whole  length  of  the  cord ;  whereas, 
the  motor  impressions  pass  from  side  to  side  in  the  medulla 
oblongata.  In  the  cerebellum,  the  cross  effect  is  noticed  in 
the  roiling  over,  or  turning  round  of  the  animal,  on  the  opposite 
side  to  that  on  which  an  injury  is  inflicted  ;  though  this  might 
depend,  either  on  stimulation,  or  on  loss  of  control,  of  the 


SPECIAL  PnrSIOLOGT. 


muscles  of  tlic  opposito  side,  or  on  a  loss  of  power  of  tlie 
muscles  of  the  wnne  sido ;  still,  there  is  a  cross  effect.  In 
ri'trard  ^>  tlu*  largo  ganglia  at  the  base  of  the  brain,  similar 
c'n»ss  elleots  are  noticeable,  injuries  to  the  optic  thalanii.  or 
oorjvoni  (luadrigomina,  afTocting  vision  in  the  opposite  eye. 
'file  (lecussiitions  at  the  optic  commissure,  also  lead  to  romark- 
al)l«»  results  in  reference  to  vision,  which  will  be  noticed  in 
tlie  Section  on  Sight.  Above  the  medulla,  in  the  pons,  and 
in  the  })e(luncles  of  the  cerebrum,  the  cross  eifect  is  also  mani- 
fested, both  as  regards  sensation  and  motion;  for  tlie  paths  of 
both  have  already  decussated  lower  down.  Lastly,  it  is  main- 
tained, that  many  of  the  radiating  fibres  of  the  cerebral  hemi- 
h^pheres,  pass  over  from  one  liemisphere  to  the  other,  through 
the  corpus  callosum  ;  and,  in  any  case,  tlie  two  heniisphereis  as 
well  as  all  the  other  partes  of  the  bilateral  nervous  centres, 
art?  closely  connect(;d  together  by  commissural  structures,  both 
grey  and  white. 

In  reference  to  sensation  and  motion,  the  action  of  a  bilateral 
nervous  centre,  is  cx})lained  by  the  bilateral  structure  of  the 
parts  with  which  it  is  connected  through  its  nerves;  but  the 
imity  of  the  mind,  that  is  of  the  conscious  part  of  oiu:  nature, 
and  its  various  reactions  on  the  body,  seeing  that  the  brain  is 
double,  have  constituted  a  perplexing  problem  to  certain  phy- 
siologists. Ordinarily,  both  hemispheres  probably  act  together, 
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regards  the  outer  world ;  so  that  this  is  no  longer  sensible 
to  its  ordinary  stimuli.  Sleep  and  the  waking  state  have 
been  described  as  the  result  of  a  kind  of  antagonism  between 
the  organic  and  the  animal  life ;  the  functions  of  animal  life, 
governed  by  the  mind,  enjoy,  iirom  time  to  time,  freedom  of 
action,  whilst  at  other  times,  they  are  repressed  by  the  organic 
ibrce  acting  in  obedience  to  a  law  of  creative  nature.  (MUller.) 
The  cerebral  hemispheres,  and  the  sensory  ganglia  at  their 
base,  like  all  other  parts  of  the  body,  undergo,  in  the  exerdse 
of  their  functionB,  a  waste  of  tissue ;  hence  they  require  rest, 
that  new  matter  may  be  added  to  them,  to  compensate  for  the 
waste  and  disintegration  of  their  substance.  During  sleep, 
however,  all  the  functions  of  vegetative  life  continue  to  be 
performed.  The  pulsations  of  the  heart,  the  circulation,  the 
movements  of  respiration,  the  interchange  of  gases  through 
the  lungs  and  skin,  and  the  chemical  and  mechanical  pheno- 
mena which  accompany  digestion,  absorption,  secretion,  and 
nutrition,  pursue  their  course.  The  movements  of  the 
muscles  concerned  in  these  functions  are,  however,  somewhat 
lees  frequent  than  during  the  waking  state ;  thus  the  respi- 
rations become  slower  or  fewer  in  number,  though  deeper ;  the 
beats  of  the  pulse  diminish  in  number.  On  the  other  hand,  the 
action  of  certain  voluntary  muscles,  as,  for  example,  of  those 
which  roll  the  eye-balls  upwards,  is  increased.  The  iris  is 
contracted.  The  various  excretions  are  less  abundant;  but 
the  quantity  of  phosphoric  acid  separated  by  the  kidneys,  is 
said  to  be  somewhat  increased.  The  animal  heat  is  also 
lowered,  hence  the  sensation  of  cold  which  is  often  felt  on 
awaking.  The  quantity  of  blood  in  the  vessels  of  the  brain, 
and  the  rapidity  of  its  circulation,  are  both  much  diminished. 
(Durham.)  This  observation  is  contrary  to  the  old  opinion, 
that  sleep  was  the  result  of  a  turgescence  of  the  vessels  of  the 
brain ;  but  it  is  confirmed  by  the  state  of  the  retina  or  expan- 
sion of  the  optic  nerve,  which  has  been  found,  by  aid  of  the 
ophthalmoscope,  hereafter  described,  to  be  paler  and  less  vascular 
during  sleep.  (Hughlings  Jackson.)  It  has  been  suggested, 
that  the  blood  vessels  of  the  choroid  plexuses  in  the  ventricles 
of  the  brain,  may  become  more  turgid  during  sleep,  and,  by  a 
sort  of  erection,  may  act  as  diverticula  for  the  blood  in  the 
cranium,  whilst  the  cerebral  vessels  are  proportionaUy  emptied. 
The  less  full  state  of  the  vessels  of  the  brain  substance,  has 
been  called  its  nutritive  circulation,  and  the  more  full  condi- 
tion, its  functional  circulation ;  the  vessels  of  both  the  choroid 
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and  prolonged  watching,  it  eyentoallj  oomea  on  with  greater 
intenaitj ;  cases,  indeed,  are  related  of  ffitigoed  loldien  aleq>- 
ing  on  the  march,  or  even  during  a  cannonade  in  battk,  and 
of  persons  slumbering  during  the  infliction  of  torture.  Gasea 
hare  occurred  in  which,  after  sleep  has  been  postponed  finr 
several  days,  it  supervened  so  pzxxibundlj,  as  to  pass  into  coma 
and  death;  the  celebrated  French  anatomist  and  surgeon, 
Portal,  died  in  this  way. 

Sleep  is  necessary  for  the  maintenance  of  the  functiona  of  - 
animal  life,  and  is  common  to  all  animals  which  possess  a 
nervous  system.  The  suspension  of  the  nutritive  functions  in 
the  lowest  animals,  which  are  destitute  of  nervous  substance, 
if  any  such  exist,  and  that  noticed,  during  the  night,  in  the 
leaves  and  other  parts  of  plants,  is  not  true  sleep. 

Various  circumstances  modify  the  amount  of  sleep  required 
by  different  persons.  Thus,  a^  is  of  great  importance;  for 
adults  spend,  on  an  average,  about  one-third  of  their  life  in 
sleep.  I.e.,  about  eight  hoiirs  in  the  twen^-fbur;  in&nts  pass 
ahnost  the  whole,  and  children  more  than  half  their  existence 
in  a  state  of  sleep ;  whereas  by  old  people,  less  is  required ; 
but  in  extreme  old  age,  life,  an  in  infants,  may  be  said  to  be 
almost  a  continuous  sleep.  Temperament  also  influences  the 
amount  of  sleep;  thus  persons  of  a  plethoric  or  lymphatic 
temperament,  require  more  sleep  than  individuals  of  a  nervous 
temperament.  Habit,  again,  modifies  considerably  the  amount 
of  sleep  required  by  the  individual.  Pichegru,  it  is  said,  only 
slept  four  hours  out  of  the  twenty-four,  during  one  year  s 
campaign.  John  Hunter  and  Frederick  the  Great  required 
only  five  hours  daily.  Lastly,  the  amount  of  previous 
fatigue,  whether  mental  or  bodily,  of  course  influences  the 
amount  of  sleep  required.  The  invasion  of  sleep  is,  in  some 
individuals,  sudden ;  but  it  is  generally  graduaL  It  is  marked 
by  heaviness  of  the  eyes,  yawning,  and  an  endeavour  to  obtain 
an  easy  position ;  Imninous  spots,  bright  bodies,  and  indefinite 
images,  are  sometimes  perceived,  sho¥ring  the  gradual  decline 
of  the  powers  of  attention.  The  imagination  is,  to  a  certain 
extent,  active  when  the  senses  and  the  reasoning  faculties 
sleep.  The  functions  of  sight  are  first  suspended,  then  those 
of  taste,  smell,  bearing,  and,  last  of  all,  that  of  touch.  The 
muscles  of  the  limbs  are  the  first  to  become  relaxed ;  whilst 
those  of  the  back  are  the  last  over  which  voluntary  control  is 
lost.  Sleep  is  sometimes  protracted  for  twenty-four  hours,  or 
more,  in  succession.  The  act  of  awaking  is  sometimes  sodden, 
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but  an  iBterniediate  state  generally  exi&tB  botween  tA&fp  mi^ 
^'akitig.  ^leep  may  be  heavy  or  light,  the  one  state  mdtt-  i 
ally  passing  into  the  other ;  this  rmm  in  diffarent  individnk 
It  is  most  profound  and  most  refreHhing  dmiiig  the  flmt  bom 
of  rest,  many  persons  bein^  then  even  uuennbla  to  Am  ami 
powerful  external  impressionfl.  When  deep  is  of  ft  h^ 
character,  very  slight  stimuli  suffice  to  rouae  the  indhridoil; 
in  such  a  condition,  many  ordinazy  ocoarreoceB  an } 
and  not  unfrequentlyy  the  resulting  ideas  intenreare  i 
in  the  formation  of  dreams. 

During  sleep,  indeed,  although  the  mind  is  inaeiMiUe  to 
external  impressions,  yet  the  mental  fiumltiea  jxulj  be  in  ft  alata 
of  internal  activity,  simple  ideas  being  formed^  or  even  ganeval 
notions  conceived.  This  state  constitutea  dreammgn  Ilia 
current  of  thought,  in  this  condition,  is  totally  independent  of 
the  will.  Ideas  commonly  follow  each  other,  in  ft  more  or  km 
incongruous  manner,  sometimes,  however,  in  a  uufimn  and 
regular  order.  The  character  of  dreams  is  inflnenoad  by  tlia 
mental  condition  in  the  waking  state ;  hence,  -when  Ae  mind 
has  been  busily  occupied  during  the  day  with  certain  idaai^' 
these  frequently  form  the  subject  of  dreams  at  night;  ao  alao^ 
when  labouring  under  depressing  emotions,  dreams  dozing  aleep 
are  of  a  mournful  and  agitating  character.  The 
facultitjs  are  souie times  correctly   exercised; 
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and  that  they  are  incompatible  with  the  oondition  of  the  mind 
in  profound  sleep.  Thoae  dreams  which  occur  during  the  short 
interval  between  sleep  and  waking,  are  certainly  the  best 
remembered.  In  light  sleep,  at  the  b^;inning  of  sleep,  when 
the  activi^  of  individual  parts  of  the  cerebrum,  has  not  yielded 
to  the  general  state  of  repose,  or,  at  the  end  of  sleep,  when 
those  parts  have  already  r^ained  some  degree  of  conscious- 
ness, certain  mental  &culties  come  intQ  operation,  and,  by  a 
process  of  combination,  form  an  ideal  and  imaginary  world. 
The  whole  picture  is  so  unreal,  and  the  dreamer  is  so  con- 
scious of  it,  that  often,  even  during  sleep,  he  knows  that  he  is 
dreaming;  so  conscious,  indeed,  is  he  of  this,  that  he  can 
either  prolong  the  dream,  or  at  once  put  an  end  to  it.  This 
condition  is,  therefore,  hardly  one  of  real  dreaming,  but 
approaches  more  nearly  to  the  waking  state.  Such  breams 
remain  impressed  on  the  memory,  with  more  or  less  dis- 
tinctness. 

Though,  in  certain  dreams,  external  impressions  may  be 
correctly  perceived  and  combined,  it  often  happens  that  they 
are  misapprehended,  wrongly  interpreted,  or  even  ludicrously 
associated.  Thus  the  effects  of  cold  air,  or  of  evaporation  on 
the  akin,  may  be  construed  into  the  touch  of  an  imaginary 
person  or  ghost.  Many  other  delusions  may  be  thus  ex- 
plained. 

Lastly,  internal  conditions  of  discomfort  may  produce  per- 
fect or  imperfect  impressions,  and  so  give  rise  to  dreams ;  and 
may,  like  external  impressions,  be  rightly  or  wrongly  inter- 
preted in  the  dreaming  state. 

That  kind  of  dreaming,  in  which  the  individual  performs 
actions,  and  even  speaks,  as  if  awake,  without  the  co-operation 
of  the  will,  is  known  as  somnctmbulism.  In  this  state,  the 
movements  and  conversation  are  determined  by  the  ideas  of 
the  dream ;  but  attention  to  other  ideas  or  impressions,  and 
memory,  are  entirely  suspended;  whilst  the  reasoning  is 
limited,  and  the  control  of  the  pure  will  over  the  mental  pro- 
cesses, is  also  abrogated.  The  mind  is  absorbed  in  one  current 
of  ideas  alone.  The  regular  marching  of  soldiers  in  sleep, 
when  much  fatigued,  and  the  answering  of  questions,  by 
persons  in  a  state  of  dumber,  are  examples  of  the  lighter  forms 
of  somnambulism.  In  the  more  marked  forms,  chiefly  occur- 
ring in  hypochondriacal  or  hysterical  individuals,  the  dreamer 
performs  the  most  dangerous  acts,  follows  the  most  perilous 
paths,  and  the  most  imfrequented  ways,  which  he  would  be 
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unable  to  do  if  awake,  totally  nnoonaoioaa  of  anj  dngv.    H» 
can  see  and  hear,  can  dress  sind  undiesii  opens  doon  and  bon^ 
and,  on  awaking,  has  no  reoollectioii  of  what  ham  hmmJL 
In  this  peculiar  state,  the  body  maj  be  altogedwr  innniufe  lo- 
pain,  the  ear  to  sound,  and  tae  eje  to  h^^t,  howorvr  pouMfU 
the  action  of  these  stimuli    Impreirions  are  not  pemdlfed  If 
the  senses,  so  long  as  the  attention  of  the  individiMl  is  dhsdad 
to  some  other  subject  or  object;  but  the  sennbiHty  idmaj  ess 
sense  is  much  heightened,  when  the  mind  is  oooi^ied  asdn* 
sively  with  ideas  solely  connected  with  that  sense.     8inmd% 
which  in  the  waking  state  would  hardhr  be  notioedy  now 
appear  to  produce  powerful  impreesions.  m  the  ssms  aisaner« 
the  sensibility  of  the  skin,  when  the  attention  is  directod  to  i^ 
is  greatly  exalted ;  and  so  on  with  the  other  i 
even  recorded,  of  indiyiduals  performing  every 
gested;  such  as  fighting,  swimming,  or  huntiiig; 
imitate  drunken  men ;  others  will  work  out  the  mo 
problems,  or  go  through  a  train  of  reasoning;  sPcocihsB  hsfs 
been  made,  verses  composed  and  oommitted  to  writing;  bktbdt, 
the  attention  of  a  sonmambuliat  can  often  be  diredtod|  at  As 
will  of  an  observer,  to  any  given  object  or  subject.   Altboi^ 
on  awaking,  he  has  no  remembrance  of  what  has  tdcen  plsee, 
yet,  on  relapsing  into  a  similar  state,  the  ideas  prgviooity 
expreiseti  ftiid  the  acta  performed,  may  be  resumed  and  ooji-  1 
ed.     PerHOns  who  exhifaifr  this  extrfimf*  (1ppt-w  of  fiA^mtnTn^  ~ 
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the  magnetised  individual,  may  suggest  corresponding  ideas  in 
his  mind,  lead  to  the  performance  of  further  movements,  and 
so  appear  to  place  tlie  individual  under  the  control  of  the 
operator. 

The  manifestations  of  the  so-called  clairvoyants  and  spin't- 
rapperSy  probably  rest  upon  erroneous  explanations  of  facts. 
Under  impressions  repeatedly  acting  en  the  mind,  unusual  so- 
called  subjective  phenomena  maybe  induced  in  highly  excitable 
persons,  through  the  medium  of  the  nervous  centres.  In  the 
delirium  of  fever  or  of  insanity,  the  thoughts,  expressions,  and 
acts  of  the  patient,  are  often  directed  by  an  occasional  question 
or  remark  made  by  a  bystander ;  hence  credulous  persons  may 
perceive,  in  the  expressions  of  such  individuals,  supernatural 
manifestations ;  and  similar  phenomena  are  induced  by  so-called 
animal  magnetism.  It  usually  happens  that,  in  questions  of 
this  intricate  nature,  those  are  the  most  dogmatic  who,  by  their 
previous  habits  of  thought  and  education,  are  the  least  qualified 
for  such  investigations.  No  right  of  opinion  upon  such  diffi- 
cult questions  can  be  granted  to  enthusiastic  dilletanti,  or  to 
the  worshippers  of  a  longing  desire  for  notoriety. 

THE   >'ERV0r9   SYSTEM    AND    ITS    FUXCTIOXS   IX   ANIMALS. 

The  uen-ous  jsyptom  in  animals  has  already  b«en  described  (pp.  124 
to  131).  lu  tlie  Vertebrata,  it  is  constructed  on  a  phin  similar  to  that  of 
Man,  consisting;  of  a  cerehro-i^phial  .system,  composed  of  brain,  an<i  spinal 
cord,  with  cranial  and  spinjd  nerves  :  and  of  a  sympathetic  system,  com- 
posiMl  of  adoubh*  panplionated  conl,  with  branches  of  distribution.  In  tlie 
3Iolluscn,  the  nervous  ny stem  is  composed  of^ngliascattennl  through  th<» 
Ixxly,  antl  of  nenous  C(ml.s  connecting  them,  or  passing:  from  them,  to  b«* 
distribute<l  to  the  various  parts  of  the  body.  In  the  Molluscoida,  there  is 
but  a  single  central  ganglion,  with  branches  of  distribution.  In  the 
Annulosa,  tliere  exists  a  series  of  ganglia  with  intervening  cords,  arranged 
like  a  chain,  on  the  under  surface  of  the  body,  and  having  numerous 
brjjnchfS  pHX-ewling  to  tlie  various  segments  and  their  appendages.  In  the 
Annuloida,  as  in  the  Molluscoida,  «'ither  the  ganglionic  centre  is  single,  or 
numerous  connected  ganglia  correspond  with  the  radiated  form  of  the 
b<xiy.  In  the  Ca'lenterata,  the  nervous  system,  when  seen,  consists  also 
of  a  central  ganglionic  mass,  with  nen-e  tnmks  proceeding  from  it.  In 
the  Protozoa,  no  nervous  system  has  been  discovered. 

However  vari«»d  in  its  anatomical  disposition,  in  different  animals,  the 
nervous  system  consists  essentially,  of  a  central  mass  or  masses  of  grey 
matter,  connect«'d,  in  various  ways,  with  nerve  fibres:  many  of  these,  as 
in  the  cerebro-spinal  axis  of  the  Vertebrata,  an<l  in  the  multi-ganglio- 
nated  systt  ni  of  the  Mollusca  and  Annulosa,  are  connecting  or  commis- 
sunil  betwrt'u  difftr«*nt  grey  masses ;  whilst  otiiers  form  the  branches, 
called  uer\-es,  piweeiling  from  the  grey  matter.     Physiologically  con- 
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Hidered,  there  can  be  no  doabt»  as  indeed  opacuMiift  wtMamtSj  de- 
monstrates in  certain  casee,  that,  in  animals  aa  in  Bua»  arfiB  in  Iki 
simplest  forms,  in  which  the  nerfona  i^ateni  cwnaiata  o£  bnft  n  ri«^ 
ganglionic  centre,  the  nerve  flbrea  aetintflmnneiaUly,  •■  man  tmnHmim 
of  the  effects  of  imoressions  piodnoed  npon  them ;  iriiilat  tha  gnj  mating 
whether  aggregatea  in  certain  partaof  a  oael»Hq^ittal  nada^  or  ni>ntflad 
in  a  small  ganglionic  mass,  is  not  oolj  a  omdnetor  of  Ilia  aAela  of  im* 
pre ssions,  but  may  transfer,  radiate,  or  reflect  tiwaa  in 
may  constitute  a  central  sensorinm,  for  the  recaption  of  i 
sioiiH,  and,  in  the  higher  animals,  a  centza  ol  origin  ol  mo 
The  grey  matter  always  manifeata  higher  eodowmenta  than  tlia  uKf 
fibres,  whether  white  or  ganglionic  As  we  ha?a  aeen,  in  tlin  atndy  of 
the  human  nervous  system,  some  of  theae  flbrea  mnat  ba  affvenk  anl 
some  efferent ;  certain  afferent  flbrea  are  ooocenied  in  the  eondnrtion  of 
Hensory  impressions  only,  as,  for  example,  the  narvaa  of  mf^ ;  wlnbt 
others  conduct  the  effects  of  stimuli  to  the  grey  matter,  flEoat  iHiidi  a 
motor  influence  is  reflected  upon  certain  efferent  flbrea,  in  icAss  actioeiL 
either  sensori-motor,  or  simply  ezcito*motor;  whilst  laatij»  oCfaer  cflkfflt 
fibres  conduct  motorial  impreaaiona,  which  hove^  aoooiding  to  theporitun 
of  a  given  animal  in  the  scale,  a  more  or  leaa  diatinet  ideatiQiial,  inf^,VTTt^. 
or  volitional  character.  As  in  man,  too^  the  eibeta  of  tih«  foIitioBal 
stimulus,  are  of  course  directed  npon  the  musdes  oonoemed  in  loemih 
tion ;  whilst  the  involuntary,  or  reflex,  movements  partlj  oooor  in  tba 
locomotive  musctdar  system,  and  partly,  as  in  man,  in  the  nniealtf 
structures  concerned  in  the  functions  of  vegetative  lifb. 

The  amount  of  nervous  force  manifested  bv  any  animal,  whether  in 
the  ph«;DomfD^  of  Bonmtion,  or  of  the  ft^ulatiou  of  its  volimtaiy  and  ^ 
iaToIuntary  moveiiieut^ii  h  e^trietly  in  &cixirdjince  with  ths  j^eUtive  mfu^, 
and  eoraploxity  of  or^ganisatioDj  of  its  uervous  centre  or  cant™».     It  i 
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confines  of  animal  exiatenee,  beesiue  no  netroaa  ajstem  liaa  been  tliero 
detected,  yet  it  has  been  maintained  bj  some,  that  nerrona  anbatance 
may  poesibly  exist  in  microscopic  ganglia  which  escape  detection ;  or 
that  it  may  be  diffiised,  in  the  shape  of  single  nerre  oeus,  in  the  bodies 
of  the  minuter  organisms ;  or  lastly,  that  it  may  even  form  a  portion  of 
the  contents  of  a  nni-cellnlar  animal,  that  is,  of  an  animal  organism 
consisting  but  of  a  single  nucleated  cell.  If  these  coigectmes  be  true,  we 
must  conclude,  that  no  animal  exhibits  movements,  resulting  from  the 
direct  stimulation  of  its  contractile  substance  by  external  agents ;  but  that, 
even  in  the  very  simplest  forms,  nerre  substance  may  regulate  those 
moTements. 

The  neiTous  system  is  an  i^yparatus,  working  so  completely  in  accord- 
ance with  its  structural  peculianties,  that  the  suocessiire  stages,  by  which 
its  iHinctions  are  gradually  simplified,  may  be  best  followed,  and  its 
adaptations  to  the  actions  and  wants  of  animals  of  lower  and  lower  orsani- 
sation,  be  most  readily  understood,  by  tracing  the  numerous  gradations, 
both  general  and  particular,  which  it  presents  in  different  animals. 

Vertebraia, 

The  Encephalon,  or  entire  brain.  The  only  animals,  in  which  the  entire 
encephalon  is  absolutely  heavier  than  in  man,  are  the  very  largest 
cetaceans  and  pachyderms ;  thus,  in  the  whalebone  whale,  its  weight  is 
about  5  lbs.,  and,  in  the  elephant,  it  yariea  from  8  to  10  lbs.,  being  heavier 
than  in  any  other  known  animal. 

The  weight  of  the  encephalon,  as  compared  with  that  of  the  body,  di- 
minishes in  the  y crtebrata  generally,  in  the  following  order  and  manner. 
In  Mammalia,  it  is  as  1  to  186  ;  in  Birds,  as  1  to  212 ;  in  Reptiles,  as  1 
to  1321 ;  and  in  Fishes,  as  1  to  6668.  (Leuret)  Amongst  the  Mammalia, 
the  f ncephalon,  as  compared  with  the  body,  is  proportionally  smaller  in 
the  larger  species,  than  in  those  of  less  dimensions  ;  thus,  in  the  ox,  it 
is  as  1  to  860 ;  in  the  elephant,  as  1  to  600 ;  in  the  horse,  as  1  to  400 ;  in 
the  sheep,  as  1  to  360 ;  in  the  dog,  as  1  to  306  ;  in  the  eat,  as  1  to  166 ;  and 
in  the  rabbit,  as  1  to  140 ;  in  the  rat,  as  1  to  76 ;  and  in  the  field  mouse, 
as  1  to  31.  In  all  these  cases,  with  the  exception  of  the  last,  the  brain  is 
heavier,  relatively  to  the  body,  than  it  is  in  man,  in  whom  the  average  pro- 
portion is  as  1  to  36*6.  In  a  few  other  animals,  the  entire  brain  is  also 
heavier,  relatively  to  the  body,  than  it  is  in  man  ;  as  in  the  marmoset 
monkey,  in  which  the  proportion  is  as  1  to  22,  and  in  certain  small  singing 
birds,  as  the  linnet,  goldfinch,  and  canary,  in  which  the  proportions  vary 
from  1  to  24,  to  1  to  14,  whilst  in  the  blue-headed  tit,  the  ratio  is  even  as 
high  as  1  to  12.  From  these  facts,  it  appears  that,  in  comparison  with  the 
size  of  the  body,  Man  has  a  far  larger  brain  than  the  Yertebrata^  even  than 
the  warm-blooded  groups ;  but  there  are  exceptions,  in  the  case  of  a 
few  small  birds,  in  certain  small  rodent  animals,  and  in  the  smallest  of 
the  monkey  tribe.  According  to  recent  observations,  however,  the  entire 
brain  of  man  is  heavier,  in  comparison  with  the  body,  than  it  is  in  the 
anthropoid  apes,  the  proportion,  in  an  adult  Chimpansee,  being  about  1 
to  50.  These  facta,  especially  those  derived  from  a  wide  comparison  of 
the  weight  of  the  brain  and  body,  in  the  different  classes  of  the  Verte- 
brata.  show  such  a  correspondence  between  the  relative  size  of  the  brain 
and  the  amount  of  intelligence  exhibited  by  those  animals,  as  to  justify 
the  general  inference,  that  the  brain  is  that  part  of  the  organism,  through 


.  .viiiiivi-  >izt'  of  tilt'  parts  MipjM.i- 
l"' .«»t;ilinn  of  iiif.lli-fin'''.  vi/.  t:n'  ci 
'Mllf.l.  <  '«>r:f.  t  t  -tiii::itr'^  \v..uM  inTcsis 
r!i-  }ai-:><  whirh  n-ally  furiii  the  henii 
l!ut,  I't'suli's  sizf,  other  coiulitions  ha 
t  he  extent  of  surface  and  complexity  oi 
matter,  and  the  number  of  eommissurul 

The  wime  general  physiological  dedu 
son  made  by  Sajmmemng,  Wtween  the  t 
and  that  of  the  medulla  oblongata,  rega 
r(H»t  of  the  various  nerves  of  the  body.     1 
cerebrum  as  compared  with  the  medulla  o 
orang-outang,  6  to  1 ;  in  monkeys  generally, 
1 ;  m  the  rabbit,  266  to  1  ;  in  the  horse,  2-6 
Again,  the  weight  of  the  entire  brain,  as  co 
cord,  which  in  man  is  about  40  to  l,is,  in  th. 
3-5  to  1 ;  in  the  newt,  -55  to  1 ;  and  in  the 
a  progressive  diminution  in  the  brain,  as  co 
mammal,  bird,  amphibian,  and  fish.     In  th 
noticed,  that  the  brain  weighs  even  less  tha 
animals,  that  we  find  the  movements  beco 
motor  or  instinctive,  or  even  purely  excito- 
which,  as  wo  have  already  seen,  are  govern e< 
dulla  oblongata,  and  their  extensions  upwa 
brum,  rather  than  by  the  cerebrum  properly 

Not  only  does  the  she  of  the  entire  encepl 
as  we  pass  from  the  highest  to  the  lowest  'V  e; 
nervous  system  undergoes  a  gradual  simp 
structure f  more  especially  as  regards  the  pj 
animals,  represent  the  ctr(bralhemisph4:res 
organs,  indeed,  so  decline  in  size  and  complex 
ally  smaller,  in  proportion  to  ♦»" 
cerebrum  •  '^*  *" 
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nexTM  or  lobes  in  front,  and  the  corpora  quadrigemma  behind,  being,  in- 
deed, as  in  man,  prolonged  so  far  backwards,  that  they  completely  cover, 
and  even  overlap  the  cerebellum.  In  many  species  of  the  stiU  lower 
baboons  and  monkeys  (fig.  63,  y),  the  amount  of  overlapping  is  even 
greater  than  in  man.  But  in  descending  through  Camivora,  e,  Chei- 
roptera, Kuminantia,  and  Pachydermata,  and  the  still  lower  Ro- 
dentia,  the  cerebri  hemispheres  no  longer  overlap,  but  soon  cease 
even  to  cover  any  part  of  the  cerebellum,  which  ultimately  is  com- 
pletely visible,  when  the  encephalon  is  viewed  from  above.  In  the 
Kuminantia,  /,  the  anterior  part  of  the  hemispheres,  is  also  so  proportion- 
ally diminished,  as  to  permit  the  large  olfactory  lobes  to  project  beyond 


Fig.  63.  Brains  of  three  of  the  Mammalia,  to  show  the  frraduAlly  in- 
croiuiitifc  size  and  complexity  of  the  cerebral  hemispheres,  in  the  ascending 
scale  of  those  animals.  «,  brain  of  the  cat,  showing  the  cerebrum,  and 
its  few  simple,  almost  exactly  symmetrical  convolutions :  behind  it,  is 
the  much  lobulatcd  cerebellum  and  the  medulla  oblongata;  and,  in 
front,  a  portion  of  the  olfactory  lobes.  /,  brain  of  the  sheep;  the 
olfootory  lobes  are  almost  hidden,  and  the  cerebellum  is  about  half 
covered  by  the  cerebral  hemispheres,  which  are  now  more  complex  and 
less  symmetrical,  jjr,  brain  of  a  monkey,  in  which  the  olfactory  lobes  in 
front,  and  the  cercl)ellum  behind,  are  completely  overlapped  by  the  cere- 
brum ;  the  convolutions  are  now  constructed  on  the  plan  observable 
even  in  the  human  cerebrum :  a  distinct  posterior  lobe  can  be  reoog^ 
nihod,  but  the  cerebrum  is  more  pointed  in  firout,  its  convolutions  aro 
more  simple  and  symmetrical,  and  its  relative  siseis  very  much  smaller 
thau  in  man. 


them ;  wliilst  in  the  Rodentia  (fig.  64,  d\  owing  to  the  still  further  di- 
Tuinution  in  the  hemispheres,  even  a  portion  of  the  corpora  quadrigemina 
bt'liind,  becomes  visible.  In  Birds,  c,  the  cerebral  hemispheres  overlap 
the  small  olfactory  lobes  in  front ;  but  behind,  a  very  large  portion  of  the 
optic  lobes  is  visible.  In  the  Reptiles  and  Amphibia,  h,  a  still  further 
reduction  of  the  cerebral  hemispheres  takes  place.  Lastly,  in  the  Fishes, 
<i,  they  are  relatively  so  small,  as  merely  to  invest  the  corpora  striata  with 
a  thin  layer  of  cerebral  substance ;  in  these  lowest  Vertebrata,  the  parts 
of  the  encephalon  aro,  so  to  speak,  analysed,  being  arranged  in  a  series 
of  three  pairs  of  ganglionic  masses,  placed  in  a  double  symmetrical  row, 
one  behind  the  other,  and  of  a  single  median  mass  behind  them.     The 


^ 


It 


Fig.  64.    Viows  of  the  upper  surface  of  tl 
bird,  and  mammal,  showing  the  gradual  i 
bral  hemispheres,    a,  brain  of  the  cod  fli 
wards,  part  of  the  spinal  cord,  the  back 
median  cerebellum,  the  two  large  optic  lo 
■pherea,  consisting  chiefly  of  the  corpora 
lobes  and  olfactory  nerves,  and  lastly,  the  c 
brain  of  the  ftog,  in  which  the  cerebral  . 
masses ;  the  olfactory  lobes  are  seen  in  flro. 
Jecting  laterally,  behind;  the  cerebellum  h 
Ct  brain  of  the  pigeon ;  the  largi^st  masses  ar 
In  (h>nt.  are  seen  the  ends  of  the  olfactory  lo 
and  projecting  at  the  sides,  are  the  optic  lobes  t 
and,  in  the  middle  line,  the  laminated  centi 
with  its  small  lateral  appendages,    d,  brain 
(h>nt,  the  large  olfactory  lobes ;  next,  behind 
spheres,  pointed  in  fh>nt,  slightly  sulcated,  a 
mass  of  the  onoephalon :  behind  them,  the  ce 
appenda^^ ;  and  lastly,  the  back  of  the  medu 

correspond  with  the  optic  thalami  and  corp* 
they  give  origin  to  the  optic  nerves,  they  are 
hind  them,  is  the  small  median  mass,  repres 
In  Fishes,  therefore,  the  thin  cerebral  hen 
subordinate  office  in  the  nervous  functions ; 
oven  in  Birds,  they  are  still  small,  and  their  c 
but  little  thickness ;  but  so  largely  develope 
malia  generally,  especially  in  the  highest  f^" 
they  appear,  as  alrcadv  m**-*- 
lappinff  a"  ♦^ 
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ing  series  of  genera  Id  certain  Orders,  the  hemispheres  become  more  and 
more  solcated  on  the  Hurface,  and  finally,  are  modelled  into  the  curved 
or  tortuous  ridges  called  convolutions,  which,  speaking  generally,  be- 
come more  and  more  numerous  and  complex,  as  we  reach  the  highest 
Mammalia,  or  the  highest  genera  in  the  several  Orders. 

These  cerebral  convolutions^  which  may  be  said  to  be  peculiar  to  the 
brains  of  Mammalia,  may  be  considered — first,  in  reference  to  their 
general  plaji  in  any  given  group  or  groups ;  and  secondly,  as  regards 
their  relative  complexity  within  that  plan.  In  the  Pachydermatous  and 
Ruminant  animals,  for  example,  the  convolutions  are  chiefly  arranged 
in  the  form  of  parallel  folds,  extending  from  the  front  to  the  back  of 
each  hemisphere ;  and,  for  the  most  part,  present  a  more  or  less  flexuous 
outline.  In  the  Camivora,  on  the  other  nand,  the  surface  of  the  hemi- 
spheres, is  divided  into  four  principal  antero-posterior  convolutions  which 
seem  to  bend,  in  simple  curves,  around  the  upper  end  of  the  Sylvian 
fissure,  one  above  the  other,  and  pass  continuously  from  the  anterior 
or  frontal,  into  the  middle  or  parieto-temporal  lobe.  In  neither  of  these 
Orders,  nor  in  those  lower  in  the  scale,  as  the  Rodents,  Marsupials,  and 
Monotremes,  is  there  a  distinct  portion  of  the  hemispheres,  marked  off 
from  the  other  lobes,  to  form  a  posterior  or  occipital  lobe ;  indeed,  in  these 
latter  groups,  even  the  middle  lobe  seems  to  be  rudimentary.  In  the 
Ruminants  and  Pachyderms,  traces  of  a  fissure  of  Rolando  may  be  de- 
tected; but  in  none  of  the  preceding  groups,  not  even  in  the  Camivora, 
excepting  in  the  seal,  is  there  to  be  found,  within  the  cerebrum,  a  prolonga- 
tion backwards  of  the  lateral  ventricle,  in  the  form  of  a  posterior  comu ; 
in  the  seal,  a  rudimentary  comu,  with  its  contents,  first  appears.  It  is 
not  to  be  inferred  from  this,  however,  that  there  does  not  exist  some 
small  portion  of  the  cerebral  hemispheres  of  these  animals,  which  is  ana- 
tomically and  physiologically  homologous  with,  or  representative  of,  the 
parts  called  the  posterior  lobes  in  the  still  higher  Mammalia,  and  in  Man; 
but  all  we  are  entitled  to  say  is,  that  the  plan  of  structure  of  the 
hemibpheres.  excludes  such  subdivisions  or  markings,  as  serve  to  distin- 
guish a  part,  as  a  pastorior  or  occipital  lobe.  In  all  the  so-called  Quadru- 
mana,  however,  which  amongst  the  Mammalia  are  nearest  to  man,  and 
which,  as  we  have  seen  (p.  126)  have  been  zoologically  associated  with 
him,  in  a  common  Order,  named  Primates,  another  plan  prevails,  in  the 
arrangement  of  the  substance  of  the  cerebral  hemispheres,  which  indeed 
corrt'8iK)nd8  fundamentally,  with  the  plan  observed  in  the  human 
cerebrum.  It  is  one  part  of  this  plan,  that  the  existence  of  a  posterior 
or  occi})ital  lobe,  should  be  indicated  internally,  by  the  extension  back- 
wards, into  that  part  of  the  hemisphere,  of  an  included  prolongation  of 
the  lateral  ventricle,  forming  a  distinct  posterior  comu;  besides  this, 
when  traces  of  fissures  appear  upon  the  surface  of  the  hemispheres,  they 
occupy  the  position  of  the  principal  fissures  of  the  human  brain,  viz.,  the 
fissure  of  Rolando,  marking  off  the  frontal  from  the  parietal  lobe;  the 
internal  perpendicular  fissure,  distinguishing,  even  on  the  surface,  the 
occipital,  or  posterior,  from  the  parietal,  or  middle,  lobe ;  and  the  fissure  of 
the  hip}.K)campi,  formed  by  the  folding  inwards  of  the  cerebral  substance, 
along  the  floor  of  the  posterior  comu.  In  the  higher  monkeys,  the 
baboons  and  the  anthropoid  apes,  other  sulci  appear  between  the  prin- 
cipal fissures,  serving,  stop  by  step,  to  complicate  the  cerebral  surface,  and 
to  mark  it  off,  into  more  and  more  numerous  convolutions,  the  general 
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arrangement  of  whiefa,  it  nndoabtadlj  < 
in  the  fiumore  complex  array  of  ooutoIiiImmIb  tfat  bnaui  bmii.  IiaD 
these,  there  may  be  reoognised  certain  ptimaiyftontal,  piiiitil,  otniplil 
and  temporal  conTolutiona,  whidi  HaT^  ••  a  tlM  BwiMi 
vorous  brains,  a  general  longitudinal  dineCum ;  aadymtlMl 
Fecondarir  oonyolutionB  are  interpoaed.  Both  tba  priaiwyai 
conrolntiona  become  progreiiaiTely  mora  tOKtaoQi ;  aad  MVtMi  ef  Urn 
latter  are  met  with  only  in  man.  It  ia  bevoad  dmibtp  hmriiMi^  tfwfc  tbt 
cerebrom  of  the  so-called  Quadnunana,  and  that  of  Haa,  ne  coMtowlid 
on  a  common  plan ;  but  when  we  oonaider  iti  afaaolvto  mb^  «;  mam 
especially,  its  relative  edxe,  aa  oom|)ared  with  the  ecnbeOm,  the  tgafd 
cord  or  the  entire  body,  the  relatiTe  defdopmeBft  in  r*«*^fi1ir  ef  ili 


frontal  and  parietal  regions,  Aizthermoce,  tae  nnmbflr  i 
of  its  secondary  convolutiona,  and  lastly,  the  tihi<^ne«  of 
matter,  and  the  amount  of  its  eommiseural  flhna,  there  isi 
mouB  difference  between  the  cerebrum  of  men,  and  that  of  tiie  ] 
anthropoid  ape.  There  is  nor,  indeed,  in  theee  jaaqpecta,  m  gBMt  i  ^ 
ference  between  them,  as  exists  between  the  knreet  and  iim  UghMlof 
the  so-called  Quadrumana ;  but  there  is  a  vastly  greater  diAnaoe  thn 
is  found  between  the  brains  of  any  two  qnadnmuDoae  epeeiei^  or  ona 
between  the  brains  of  the  differmU  ^fmera,  Beeent  leeeMohee  oa  tidi 
subjects  Ti^ilst  they  have  searred  to  show  a  doeer  aflnily,  tkan  «m  be- 
fore believed  to  exist,  between  the  QnadmmaDa  and  Man,  atill  hate  a 
wide  and  unbridged  c^asm  between  them ;  nor  do  gsokigieil  i 
yet  offer  any  intermediate  and  progreaaively  apnnaimatiqi 
Of  the  several  plans  of  the  cerebral  convolutiona  of  1 
thus  briefly  sketched  out,  it  is  difficult,  at  present,  to  aay  tliat  tha  Vmkjh 
dermatous  and  Ruminant  plan  is  neceeaanJj  inferior  to  tke  Oi 
pbin  ;  but  there  «in  be  no  noubt,  thnt  thif*  W**t  ia  d#ev?#(^1v  1 
the  plan  olsm-i  d  in  the  PriuiiiiL'ti^  wliicJi  mdudfl  tki   sLf-  uiUtl  Q 
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the  larger  species,  is  to  enable  the  secessary  amount  of  srey  matter  to 
be  contained  in  a  cranium  of  a  given  size,  otherwise,  the  head  would 
hdA-e  been  inconveniently  bulky  (Dareste);  but  this  is  probably  not  the 
whole  explanation,  or  there  would  be  no  exceptions.  Besides  this,  the 
cranial  cavities  of  the  elephant  and  whale,  are  not  nearly  so  large  as  their 
heads  would  allow.  However,  it  has  been  shown,  that,  although  the 
effect  of  the  convolution  of  the  surface  of  the  cerebrum,  is  to  increase 
largely  the  quantity  of  grey  matter,  yet  the  size  or  weight  of  this  organ, 
by  no  means  increases,  pari  passu,  with  the  complication  of  its  mirface ; 
for,  in  proportion  to  its  surface,  which  is  so  highly  convoluted,  the  cere- 
brum of  man  is  only  two-and-a-half  times  as  laree  as  that  of  the  rabbit,  the 
surface  of  which  is  quite  smooth  (BaiUarger) :  the  larger  quantity  of 
medullary  commissural  fibres  in  the  superior  brain,  accounts  for  this. 

In  brams  still  more  simple  than  those  of  the  lowest  Mammalia,  not 
only  are  there  no  convolutions,  but  neither  external  nor  internal  distinc- 
tions into  lobes.  A  few  symmetrical  lines  only,  are  traceable  in  Birds,  but 
none  whatever  in  Reptiles,  Amphibia,  and  Fishes.  The  so-called  cerebral 
lobes,  or  rather  their  superficial  layers,  in  these  four  oviparous  classes 
of  Vertebrata,  are  by  some,  indeed,  supposed  to  represent  the  anterior 
lobes  only,  of  the  hemispheres  of  the  cerebrum  in  the  Mammalia ;  first, 
from  the  absence  of  the  coipus  callosum,  and  secondly,  from  their  con- 
nection with  other  parts.  The  middle  lobes  are  believed  to  i^^pear  first, 
in  the  lower  Mammalia,  and  afterwards,  the  posterior  lobes  in  tne  higher 
forms.  But,  as  already  intimated,  the  lobes  may  not  be  distinguishable, 
and  yet  homologous  parts  of  the  cerebral  hemispheres  may  be  present, 
however  slightly  developed,  throughout  all  the  Vertebrata. 

Amidst  the  known  varieties  of  plan,  and  all  the  degrees  of  complica- 
tion of  the  cerebral  convolutions  within  the  limits  of  each  plan,  one  parti- 
cular feature  socms  to  be  of  considerable  importance,  in  estimating  the 
relative  superiority  of  any  given  brain.  We  allude  to  the  degree  of 
eymmetry  of  the  convolutions  of  thp  two  hemispheres.  In  the  simple, 
diminutive  hemispheres  of  the  Fish  and  Reptile,  even  in  the  more  highly 
dovflopeil,  and  slightly  sulcated,  hemispheres  of  certain  Birds,  and  in  the 
smooth  eerebra  of  the  Monotremata  and  Marsupialia.  and  of  the  lower  Ro- 
dentin.  and  the  lemurs,  the  s^-mmetry  of  form  is  apparently  exacts  As  soon 
as  any  markings  appear  on  the  hemispheres,  and  even  when  these  are 
tolerably  numerous,  as  in  the  Camivora  and  more  highly  developed 
monkeys,  they  are  very  sj-mmetrical  on  the  two  sides ;  but  in  the  more 
complex  brains  of  the  larger  Pachydermata  and  Ruminantia,  espe- 
cially in  the  horse  and  elephant^  and  also  in  the  still  more  highly  de- 
velope<l  bmins  of  the  anthropoid  apes,  a  certain  want  of  syinmetry 
becomes  apparent.  But  it  is  in  the  human  brain  more  particularly,  that 
exactitude  of  symmetry  disappears.  In  fact,  the  extraordinary  relative 
size  of  the  cerebral  hemispheres,  the  number  of  its  secondary  convolu- 
tions, and  the  absence  of  symmetry  in  the  forms  and  dispositions  of  all 
the  convolutions,  constitute  the  three  great  external  distinguishing 
characters  of  the  human  brain. 

If,  finally,  we  regard  the  general  plans,  and  the  secondary  arrangements, 
of  the  cerebral  hemispheres  in  the  different  Vertebrata,  from  a  physio- 
lopncal  point  of  view,  we  find  a  close  general  correspondence  between  the 
amount  of  intelligence  manifested  by  the  several  members  of  this  series, 
and  the  degree  of  complexity  of  the  cerebral  hemispheres.     It  has  even 
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boen  noticed  tbat,  in  diil^rent  ysrietias  of  one  kind  of  anhnal,  milriecfed 
to  different  conditions,  as  repards  education,  and  therefore  ezhimting 
Tarious  sradee  of  actiye  intelligence,  ^e  general  derelopment  and  naeOT 
the  cerpbrum,  keep  pace  with  the  ffrowtn  of  that  inteUioenoe ;  for  the 
brains  of  trained  ana  domesticated  dogs,  axe  proportionaUy  lamr  than 
those  of  the  wild  dog.  Bat  hitherto,  the  attempts  made  bj  pi^rchologists 
and  comparative  anatomists,  to  associate,  with  certainty,  particular  parts 
of  these  nemispheres,  with  particular  psjrchical  endowments,  have  profed 
abortive. 

The  ganglionut  nuutea  at  the  ba$$  of  the  eerebrum.-^Tht  corpora  qmad- 
rigemina  are  still  divided,  as  their  name  implies,  into  four  eminences 
throughout  all  the  Mammalia ;  the  anterior  pair  are  kiger  in  the  Her- 
bivora,  and  the  posterior  pair  in  the  Camivora.  In  Birds,  Beptiles,  and 
Fishes,  these  bodies  are  bigeminal,  consisting  of  only  a  single  pair  of 
tubercles,  or  ganglionic  masses,  which  are  doeely  attadied  to  the 
optic  thalami,  and  form  the  so-called  optie  lobes ;  in  the  oeseons  fishes, 
these  optic  lobes  include  the  optic  thalami,  or  supposed  centre  of 
common  sensation.  The  corpora  striata  are  always,  throug^ont  the 
whole  of  the  Yertebrata,  as  m  man,  concealed  by  the  cerebral  hemi- 
spheres ;  but  as  these  latter  parts  are  more  and  more  reduced  in  sise^  the* 
striated  bodies  become  more  and  more  apparent,  and  at  last,  in  the  Fishes, 
constitute,  almost  alone,  the  so-called  cer^rral  lohes,  a  Tery  thin  layer  of 
grey  matter,  forming  the  only  remnant,  or  representadve,  of  thecereibrtl 
hemispheres.  In  Birds,  and  in  the  hi^er  cartila^nous  fishes,  a  Tentri- 
cular  cavity,  into  which  the  striated  bodies  project,  is  found  in  these 
cerebral  lobes.  It  has  been  suggested,  that  not  only  consdoosness  of 
simple  sensations,  but  their  perception,  or  the  reference  of  these  to  their 
proper  cslotnul  nlijp^ts*  is  BCMnipliiBhed  in  thi*  sensoriiil  ^nirliw  nt  the 
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place  in  the  number  of  the  transverse  commissural  fibres  which  serve 
to  unite  the  right  and  left  halves  of  the  cerebrum,  and  to  bring  their 
respective  bilateral  parts,  into  physiological  connection.  The  corpus 
ctilhsum^  for  example,  which,  in  the  brain  of  man,  and  in  that  of  the 
higher  Mammalia,  is  of  such  great  extent  and  thickness,  and  contains 
the  chief  part  of  these  transverse  commissural  fibres,  has  been  shown  to 
be  relatively  smaller,  even  in  the  highest  anthropoid  apes,  than  it  is  in  man. 
Speaking  generally,  when  examined  in  a  median  section,  it  becomes 
shorter  from  before  backwards,  and  thinner,  and,  gradually  losing  its  hori- 
zontal position,  is  inclined  upwards  and  backwards  in  the  lower  Mammalia ; 
in  the  Rodents  it  becomes  very  short  and  thin,  and  nearly  vertical. 
In  the  Marsupialia,  it  is  so  rudimentaiy,  and  so  limited  to  the  anterior 
part  of  the  fissure  between  the  hemispneres,  as  to  have  been  described 
as  absent,  there  being  no  transverse  bridge  of  cerebral  matter,  connecting 
the  two  hemispheres  above  the  ventricular  cavities ;  there  exists,  how- 
ever, a  compact  transverse  commissural  mass,  situated  at  the  anterior 
part  of  the  base  of  the  brain,  and  besides  this,  the  so-called  anterior 
commissure  is  largely  developed.  In  no  Vertebrate  animal  lower  than  the 
Mammalia,  is  there  anv  trace  of  a  corpus  callosum,  but  there  are  merely 
transverse  commissural  fibres,  crossing  at  the  base  of  the  cerebrum,  as  is 
seen  in  Birds,  Reptiles,  Amphibia,  and  Fishes.  In  the  Mammalia,  its 
bize,  and  its  development  backwards,  are  exactly  proportional  to  the  size, 
and  extension  backwards,  of  the  cerebral  hemispheres,  until  they  even 
overlap  the  cerebellum,  as  in  the  Quadrumana  and  in  Man. 

The  gradual  simplification,  in  the  number  and  connections  of  the  white 
fibres  of  the  cerebrum,  must  involve  a  less  perfect  physiological  co-opera- 
tion, or  combination  of  actions,  between  its  several  parts ;  and  it  is 
obviously  associated  with  retrogressively  inferior  psychical  endowments. 
But  the  facts  of  structure,  and  the  observations  on  the  powers  and 
characters  of  the  lower  animals,  which  might  throw  light  on  the  special 
physiology  of  the  cerebral  hemispheres,  remain  for  future  inquirers  to 
collect. 

The  Cerebellwn. — Like  the  cerebrum,  the  cerebellum  gradually  dimi- 
nishes in  size,  as  compared  with  the  spinal  cord,  or  with  the  weight  of 
the  body,  in  passing  from  the  highest  to  the  lowest  Vertebra ta ;  though, 
if  compared  \*'ith  the  cerebrum,  it  is  larger  in  many  of  the  lower  Verto- 
brata  than  in  man,  owing  to  the  extraordinary  development  of  the 
cerebral  hemispheres  in  him.  The  principal  anatomical  feature  of  the 
highest  forms  of  the  cerebellum,  is  the  great  development  of  its  lateral 
masses,  or  heirtUpJures,  which,  however,  are  still  proportionally  very 
large  in  the  Quadrumana.  Considered  generally,  the  lateral  parts 
diminish  nipidly  in  the  lower  Mammalia,  until,  at  last,  they  are 
represented  only  by  the  small  portions  named  the  JlocctUi.  In  Birds,  the 
hemi spheres  are  represented  by  still  smaller  lateral  appendages,  the 
great  bulk  of  this  organ,  in  them,  being  evidently  composed  of  the  central 
lobe  or  reniiiform  processes',  whilst  in  the  Reptiles,  Amphibia,  and 
Fishes,  this  median  portion  is  alone  present,  so  that  it  would  seem  to  be 
more  fundamentally  important  than  the  superadded  lateral  parts  or 
hemispheres. 

The  structure  of  the  cerebellum,  as  well  as  its  size,  become  also  pro- 
gressively simplified.  The  number  of  its  laminae  diminish,  until  at  last, 
as  in  the  Birds,  they  are  comparatively  few ;  whilst,  in  the  Reptiles 
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Amphibia,  and  Fishes,  its  sur&ee  is  oommonlj  qiute  imootli,  Viit  ttiD* 
however,  ooDsists  of  a  thin  stntom  of  gny  matter.  In  the  teojL  tiie 
cerebellum  forms  a  simple  smooth  ennrsdbaiid ;  and  in  the  lofweat  Jlihei^ 
it  is  reduced  to  a  thin  layer  of  nerrous  eabatanoe,  too  101011  to  ooneeal 
the  back  of  the  mednlla  oblongata ;  bat  in  eome  cartili^ginoiia  Fiidieay  m 
in  the  sharks,  for  example,  the  otherwise  aimple  median  eenibeUmn  ia 
slightly  notched,  or  laminated,  ii|>on  its  mahee.  In  certain  Itkiwrnali^ 
as  m  the  Camivora  and  Bominantia,  the  oersbelhnn,  initead  of  *'*'*«*«»'"g 
of  broad  and  comparatively  smooth  lateral  hemimberee,  joined  bj  » 
narrow  median  and  much  divided  portion,  or  renninnm  procesi,  is  rery 
uneven  upon  its  surface,  apparently  consisting  of  a  cluster  of  maqy  iito- 
gular  and  deeply  fbliated  loDules. 

The  internal  structure  of  the  eerebeUnm,  also  beoomeB  simplilled,  in 
accordance  with  the  gradual  diminution  in  the  number  of  its  lamime ;  so 
that  the  appearance,  on  a  section,  named  the  arbor  Him,  ceases  to  be 
distinguishable.  The  corvora  dentata  exist  in  all  Mammalia,  bat  tluj  are 
less  pucated,  and,  in  the  lowest  forms,  present  on  a  section  a  smooth  ont- 
Une ;  thev  have  not  been  seen  in  the  onparoos  Vertebiata. 

Physiologically  considered,  the  nse  and  complexity  of  Btrnetiivs  of 
the  cerebellum,  appear  to  be  in  harmony  with  the  degree  of  corapHcft- 
tion  of  the  movements  capable  of  beinff  executed  by  any  giren  amnial; 
for  example,  it  is  relatively  lazger,  in  the  apes  and  monnBys,  than  in  the 
Camivora,  and  laiiger  in  these,  than  in  the  Buminants  or  Bodsnts ;  it  is 
also  larger  in  Birds  than  in  Beptiles ;  and  it  is  larger  in  the  active  preda* 
ccous  sharks,  which  can  turn  themselves  round  uid  round,  and  even  swib 
Bidi  ''.^^ji  -  in  fhe  wjitfT,.  thiin  in  ih*-  iir-liiinry  ;ik.;  ni^.r^-  i-^mplv  -^winiuiiiijj 
^jjhiis.  Again,  ia  eomparitig  iudiTidual  genem^^f  Lb^  eiime  Ortjitr^  thii 
i^rgnn  h  luort''  4«Telor>cd  in  tbe  Anthropoid  npi^,  tbtin  in  th^  Tnotilteys, 
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tJieir  corpora  dentata  and  the  columns  of  white  matter  connected  with 
them,  these  parts  not  being  distinctly  present  below  the  Mammalia.  The 
anterior  and  posterior  pyramids,  and  the  restiform  bodies,  accordingly 
gradually  preponderate,  and  finally  constitute  the  entire  mass  of  the 
medulla  oblongata,  the  size  of  which,  presents  a  general  correspondence 
with  that  of  the  body  of  the  animal,  and  becomes  larger,  in  proportion 
to  the  cerebrum,  in  the  descending  vertebrate  scale.  The  triangular 
depression  formed,  on  its  posterior  8urfi»!e,  by  the  diverffence  of  the  resti- 
form  bodies,  becomes  plainer  in  the  lower  animals,  and  is  more  directly 
continuous  with  the  central  canal  in  the  spinal  cord.  In  certain  Fishes, 
the  two  halves  of  the  medulla,  are  actually  separate  from  each  other, 
leaving  an  oblong  opening  in  the  middle  line,  which  has  been  compared, 
though  incorrectly,  with  the  ring  or  collar  of  nervous  substance,  which 
surrounds  the  oesophagus  in  the  Mollusca  and  Annulosa:  for  the 
cesophagus  never  perforates  this  divided  medulla  oblongata,  even  in  the 
lowest  fishes. 

The  spinal  cord  likewise  exhibits  signs  of  simplification.  Its  two 
enlargements,  cervical  and  lumbar,  are  present  in  all  the  Vertebrata 
which  possess  well  developed  anterior  and  posterior  limbs.  In  most  of 
the  Mammalia,  the  lumbar  enlargement  is  of  greater  size  than  the 
cervical  enlargement.  But  amongst  Birds,  those  which  are  remarkable 
for  their  powers  of  flight,  like  the  eagle,  have  the  cervical  enlargement 
larger  than  the  lumbar;  whilst,  in  the  cursorial  or  running  birds, 
as  in  the  ostrich,  tlie  reverse  is  the  case.  In  the  limbless  Ophidian 
Reptiles,  and  also  in  the  Fishes,  the  pectoral  and  abdominal  fins,  or  limbs 
of  wliieh  are  so  small,  and  have  such  minute  muscles,  l>oth  these  enlarge- 
ments are  entirely  absent,  and  the  cord  is  of  uniform  diameter,  or  finely 
conical,  gradually  increasing  from  its  lower  end  upwards.  The  extent  to 
which  it  descends  within  the  spinal  canal,  is  greater  in  the  cold-blooded 
Vertel)r;ita  geneniUy,  than  in  Mammalia  and  Birds.  In  certain  Fishes, 
in  which  the  body  is  very  short,  the  cord  is  equally  concentrated,  and  the 
Cauda  equina  is  very  long.  In  a  few  rare  Cyclostomatous  fishes,  as  Ortha- 
goriscus  and  Trigla,  tlie  cord  presents  numerous  constrictions,  which  give 
it  a  beaded  appearance,  and  prove  the  real  segmented  character  of  the 
spinal  nervous  axis,  which,  in  the  Vertebrata  generally,  is  masked  by  the 
even  fusion  of  its  parts. 

It  would  seem,  that  in  certain  vertebrate  animals,  as  distinguished  from 
man,  more  of  the  longitudinal  fibres  found  in  the  spinal  cord,  are  com- 
missural between  its  several  parts,  or  else  are  concerne<l  in  connecting 
the  roots  of  the  spinal  nerves  with  its  own  grey  matter,  whilst  fewer  ascend, 
from  the  nerves,  to  the  sensorial  centres  at  the  base  of  the  cerebrum ; 
this  has  been  shown  at  least  to  be  the  case,  in  regard  to  the  spinal  cord  of 
the  horse.  (Volkmann.  Kolliker.)  In  accordance  with  this,  the  locomo- 
tive movements  of  such  animals,  are  either  consensual,  or  sensori -motor, 
or,  as  in  thos«'  very  low  in  the  vertebrate  scale,  even  purely  excito- 
motor,  bt'coming  thus  gradually  less  dependent  on,  or  wholly  independent 
of.  sensation :  less  associated  with  ideas  of  purpose,  less  influenced  by 
education,  and  at  last,  perhaps,  purely  automatic,  and  wholly  dependent 
on  the  internal  structure  of  the  nervous  apparatus  contained  in  the  spinal 
system.  In  the  higher  Mammalia,  and  in  man,  however,  the  locomotive 
movements  are,  to  a  greater  extent,  guided  by  sensation,  and  are  commonly 
regulated  by  propiT  cerebral,  or  mental  processes.    It  has  further  been 


obserred,  as  tlieiwidt  of  sectionof  tiiee(Md,tli«tkmBizdiaiidBeplfl«i^ 
the  deciuaation  of  the  paths  of  sonsatioii  in  the  en^  is  lets  dhaotk  and 
less  perfect,  than  in  Mammalia.  In  the  AmphiluA,  as  in  ftpgiy  tlM 
movements  peiibrmed,  thioogh  the  spinal  eocd,  yn  thadseapititad  aaimaly 
are  so  porposive,  that  they  simnlate  the  Tolitional  acts  of  tha  bighsr 
Vertebiata  and  of  man,  bnt  their  mariced  Qnifbrmitj  jvstiftsa  tiw  daoial 
to  them,  of  any  Tolitional  qnaHt^,  a  view  also  simpoited  faj  aaalqgj, 
which  is  opposed  to  the  supposition  that  psychical  spdowwiniti  eaii  oa 
manifested  by  the  spinal  cora,  in  scmie  VeTtebrafca,  and  not  in  othen. 

I%e  Cranial  and  Spinal  Nervn. — ^The  cnnial  nerves,  in  tlM  Vsrte- 
brata  generally,  eorrespond  in  arranaemenl^  genetal  dislzflNduiiy  and 
function,  with  those  which  we  have  described  in  man;  but  in  fiscCam 
cases,  some  of  them  are  absent,  whilstothers  may  have  a  more  flBtciuiviB^ 
or  a  more  limited,  disttibati<m  and  office,  than  thi^  have  in  man.  For 
example,  the  ol£Ebctozy  nerves  are  absent  in  certain  Oetacea ;  and  tha 
optic  nerves  are  wantmg  in  the  Hole,  and  in  the  blind  Fiahaa  fimnd  in 
perfectly  dark  subterranean  caves,  as  in  those  of  Kentoeky.  AgaiBt  the 
hypoglossal  nerve  is  more  complete  in  the  oat,  ox,  and  rabbity  than  in 
man,  for  it  has  a  posterior  root,  with  a  small  gang^on  upon  it^  and  so 
resembles  exactly  an  ordinanr  perfect  spnal  nerve.  On  un  olhcr  hand, 
this  nerve  becomes  very  small  in  certain  animals,  such  as  Kxda,  in  vfatch 
the  tongue  is  but  slightly  developed ;  and  it  is  still  smaller  in  Fudui^ 
in  whidi  it  may  be  nuuced  with  the  spinal  nerveSi  In  certain  fldiaa 
too,  the  fifth  pair  of  nerves  has  an  unusually  extensive  diitribotioBv 
sendinff,  in  particular,  a  large  branch,  the  so-odled  orsat  laUrai  nsrsi^ 
down  tttt  whole  length  of  each  side  of  the  body.  £i  fishes,  alao^  the 
vagi  or  pneumocastric  nerves,  although  they  no  longer  8ii|qplj  Iwaam, 
nevertheless  sena  branches  to  the  substituted  req>iratoiy  Offiganayua 
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of  a  flpinal  eord  Ijing  in  a  spinal  canal,  above  a  aoffc  opntral  axis  or 
colamD,  composed  of  numerous  thin  discs  arranged  longitudinally,  and 
forming  a  true  chorda  darsalist  or  notochord.  This  establishes  the 
vertebrate  character  of  this  singular  animaL  Tho  spinal  cord  extends 
along  the  whole  length  of  the  chorda  dorsalis ;  it  is  thickest  in  the 
middle  third,  pointed  behind,  and  presents  anteriorly  only  a  slight 
bulbous  cephalic  enlargement^  but  no  distinction  of  parts,  like  corpora 
striata,  optic  thalami,  or  corpora  quadrigemina,  much  less  a  separate 
cerebellum,  or  cerebrum,  and,  so  far  as  is  known,  no  folding  oyer  of 
nervous  substance,  to  form  a  cavity  or  ventricle.  From  the  sides  of  the 
cord,  about  fifty-five  or  sixty  pairs  of  nerves  are  given  off,  not  by  double, 
but  by  single  roots.  The  first  pair  of  nerves,  exceedingly  minute, 
supply  the  membranous  parts  of  tne  mouth.  The  second  pair  give  off 
long  dorsal  and  ventral  branches,  which  run  backwards  nearly  the 
whole  length  of  the  body,  joining  the  extremities  of  the  anterior  and 
posterior  branches  of  the  other  spinal  nerves.  There  are  no  distinct 
olfactoiT  nen'es,  but  there  exists  a  median  concave  ciliated  npot^  in  close 
connection  with  the  fore  part  of  the  cephalic  bulbous  enlargement, 
which  is  believed  to  be  the  organ  of  smell ;  the  optic  nerves  are  repre- 
sented only  by  two  short  processes,  at  the  end  of  which,  is  some  pigment 
and  a  transparent  body,  thus  forming  two  simple  eye-spots ;  no  auditory 
apparatus  or  nerve  has  been  detected.  The  firet  pair  of  nerves,  just  now 
mentioned,  have  been  considered  functionally  to  represent  the  fifth 
cranial,  and  the  second  pair  the  pneumo-gastric  nerve.  The  spinal  cord 
consists  almost  entirely  of  nerve-cells  of  a  spherical  form ;  they  are  dis- 
]K>sod  in  a  linear  manner,  in  the  middle  thiitl  of  the  cord,  but  elsewhere, 
thoy  have  un  irregular  and  perhaps  8e|;mented  arrangement ;  pigment 
exists  in  some  of  these  cells.  The  white  nerve  fibres  are  indistinctly 
tubular.  No  trace  of  a  sympathetic  system  has  been  yet  described  in 
the  Amphioxus.  Had  not  so  simple  a  form  of  the  vertebrate  cerebro- 
spinal nen-ous  system  been  actually  seen,  it  would  have  been  difiicult 
to  suppose  its  existence.  One  is  naturally  tempted  to  compare  it  with 
tho  nervdus  system  of  animals  still  lower  in  the  scale,  especially  with 
that  of  the  Annulosa.  But  the  homologies  between  it  and  them,  are 
not  easily  traceable ;  however  simplified,  the  fundamental  plan  of  its 
construction  follows  a  different  type;  tho  cesophagus  does  not  perforate 
it,^  anterior  portion,  and  a  chorda  dorsalis  runs  between  it  and  tho 
perivisceral  or  body  cavity.  This  singuhtr  animal  is  not  a  connecting 
link  between  the  Vert«»brate  and  the  Annulose  types.  By  some,  it  is 
considered  possible,  that  it  is  an  embryo  condition  of  a  higher  form  of 
fish  ;  and,  until  its  development  and  subsequent  life  have  been  investi- 
gated, it  may  be  permitted  to  doubt  the  specific  character  of  this  highly 
interesting  and  apparently  archetypal  animaL 

On  examining  physiologically,  the  actions  of  animals  lower  in  the  scale 
than  the  Vertebrata,  the  proper  psychical  faculties  entirely  disappear, 
as  well  as  the  distinct  cen?bro-spinal  form  of  the  nervous  system.  The 
anatomical  arrangements  of  the  nervous  system,  in  tho  several  lower  sub- 
kingdoms,  are  given  in  the  chapter  on  the  general  characters  of  those  sub- 
kinjrdoms  (pp.  126-131).  In  even  the  highest  of  these  non-vertebrate 
creatures,  as  in  tho  higher  MoUusca  and  Annulosa,  the  cerebral  hemi' 
sphereSf  properly  so  called,  are  probably  no  longer  represented,  although 
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tho  rf/)Aa/i>  ganglia  of  these  animals,  are  frequently  designated  cerrhral. 
In  all  the  Don-wrti'bnito  formn  of  animal  life,  intelligence,  emotion,  and 
even  ideation  are  wantinji; ;  a  feeble  perception,  and  volition,  may  exist 
in  some  of  tli<'  so-called  ^oeial  insects,  viz.  in  the  wasps,  bec>s.  and  ants  ; 
Imt  sensation  is  tlu»ir  great  giiiding  principle.  The  so-called  Ingtincts, 
•wh'u'h.  are  really  the  outwanl  expri'ssion  of  Hentwri-moior  impitliffJi  ex- 
cited within  their  nervous  apparatus,  assume  the  control  of  all  their 
iK.tH,  even  whon  these,  as  in  the  case  of  the  80(;ial  insects,  seem,  to  us,  to 
1h'  adapte<l  to  new  or  unusual  conditions  of  existence.  Intelligent  arts, 
clinnieterised  by  improvability  through  experience,  by  the  var\-in(?  tubup- 
tat  ion  of  means  to  ends  under  altered  conditions,  and  by  the  use  of 
dit^l*rent  means,  to  aeeomplish  at  will  the  same  ends,  are  now  replaced 
by  instinctive  acts,  exhibiting  a  sauieuess,  in  all  individuals  of  the  same 
s})<'ci«'S.  at  all  ages,  and  under  the  siime  conditions,  as  well  as  a  uniform 
]>erf»»ction,  quit<^  irrespective  of  previous  trial,  experience,  or  tnlucation. 
Thi»se  instinctive  acts  are  perfonneil  thrimgh  the  agency  of  a  sensori-motor 
ner^'uus  appnnitus,  duly  stimulated,  and  pliysiolocically  homoloirous,  if 
not  anatomieall}'  s<»,  with  the  sensori-motor  ganglionic  nervous  centres 
and  acc«'ssory  nerves,  found  in  the  Vertebrata.  The  cephalic  ganglia  of 
the  non-vertebrate  animals,  constitute  the  sensorial  centres,  and  repre- 
sent functionally,  therefore,  the  wmsory  parts  of  the  vertebrate  cerfbro- 
^]tinal  axis ;  whilst  excito-motor  gjinglia,  few  or  many  in  number,  as 
tlie  case  may  be,  together  with  the  commissural  cords  connecting  them 
witli  the  cephalic  ganglia.  repr»»sent  functionally,  the  me<lulla  oblongata 
and  the  spinal  coni.  The  anatomical  homologies  of  these  parts,  are  not 
vet  aocunitely  detennined.  It  has,  howover,  been  argued,  tluit  not  only 
•Avt*.  the  cephalic  ganglia  of  the  non-vertebratc  animals,  the  snisorid 
ttrftrcA,  the  seats  of  conscious  sensation,  and  therefore"  of  the  instinctive 
-motor  impulses,  hut  ttmt^  to  ii  ef  rtian  extent,  in  the  bigti* 
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slightly  deyeloped,  and  are  only  seldom,  as  in  Insects,  distingnishable 
from  the  rest  of  the  nervous  system,  and,  even  then,  cannot  be  compared 
amatomically,  with  the  vertebrate  sympathetic  nervoos  system. 

We  may  now  briefly  consider  the  functions  of  the  different  parts  of 
the  nervous  system,  in  the  several  non-vertebrate  sub-kingdoms. 

Molluaea. 

The  cephalic  ganglia,  consisting,  in  the  typical  forms,  of  the  supra- 
(P9ophageal  and  sub-cesophageai  ganglia,  sometimes  also  including  a 
distinct  buccal  ganglion,  and,  in  the  Cephalopods,  other  ganglionic  masses 
connected  with  the  olfactory  and  optic  nerves,  receive  all  the  nerves  of 
special  sense,  which  may  be  present  in  any  one  case,  and  probably  also 
those  of  common  sensation,  and  thus  constitute  the  central  sensorium, 
both  special  and  common  ;  they  are  analogous  to  the  sensorial  ganglia 
at  the  base  of  the  vertebrate  cerebrum ;  they  are  sometimes  namc^  cere- 
bral, and  are  the  only  parts  which  can  be  so  regarded.  It  is  believed, 
however,  that  the  cerebral  hemispheres  are  not  here  represented ;  but, 
at  the  same  time,  any  perceptive  powers,  or  will,  which  the  higher 
MoUusca  exhibit,  must  be  manifested  by  virtue  of  these  cerebral  ganglia. 
Thoy  receive  branches  from  all  the  other  ganglia,  including  the  p^al, 
and  parieto-splanchnic,  an  arrangement  which  probably  enables  them  to 
receive  impressions,  calculated  to  excite  their  aensari-motor  channels  of 
action,  and  to  regulate  the  movements  of  all  parts  of  the  body.  In  the 
Jjumellibranchiate  Molluscs,  which  are  acephalous,  there  are  no  cephalic 
organs  of  special  sense,  the  chief  ganglia  are  quite  simple,  small,  and 
placed  near  the  mouth,  and  the  movements  exhibit  no  volitional  cha- 
racter. In  not  even  the  highest  Molluscs,  can  we  imagine  that  memory, 
emotion,  or  intelligence  exist. 

The  pdal  ganglia,  usually  forming  only  a  single  pair,  but,  in  the 
Cephalopods.  much  subdivided  and  scattered,  are  probably  excito-motor 
nervous  centres,  and  punsly  reflex;  they  govern  many  of  the  locomotive 
SLCts,  and  represent  one  of  the  segmenta  of  the  spinal  cord  of  the  Ver- 
t^bmta.  The  surface  of  the  so-called  foot,  may  be  stimulated  through  im- 
pressions on  afferent  nerve-fibres,  and  these  may  excite  the  reflex  motorial 
impulse,  through  the  pe<lal  ganglion  and  its  efferent  fibres.  Like  the 
spinal  acts  in  the  Vertebrate  animals,  these  reflex  locomotive  movements 
in  the  Mollusca,  are,  however,  subjected  to  the  control  of  the  cephalic 
pinglionie  centres,  which,  through  the  longitudinal  commissural  fibres, 
ext'H'isc  a  confen.sual,  if  not  a  weak  volitional  influence  over  them,  as  in 
the  spontaneous  search  aft^'r  food.  The  locomotive  acts  of  these  creatures, 
are  all  slng^nJ^h,  but  mon;  or  less  concatenated.  It  is  remarkable,  that 
the  auditory  organs  of  the  Mollusca,  where  they  exist,  are  usually  attached, 
by  their  nerves,  to  the  pedal  ganglia;  but  the  nerve  fibres  probably  run 
on,  pjist  these  gani^lia.  to  the  cephalic  sensorium. 

Liistly,  the  parieto-splanchnic  ganglia,  usually  forming  a  single  pair, 
but  somt'timoK  more  numerous,  supply  not  only  the  sides  of  the  body 
and  mantle,  but  also  the  respiratory  organs  (usually  branchie),  and  the 
heart,  us  well  us  the  digestive  viscera;  it  is  by  these,  that  the  movements 
of  (Ifglutition  and  respiration,  are  governed,  and  that  the  action  of  the 
hearty  is  regulated  or  influenced.  But  these  ganglia  are  also  placed  imder 
the  control  of  the  cephalic  ganglia,  especially  by  commissural  bands, 
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which  join  the  cords  running  on  the  sides  of  the  CBSophagus,  from  the 
flupra-  to  the  .sub-ccsophageal  ganglionic  masses;  hence,  these  cords, 
with  the  pjirieto-splanchnic  ganglia,  are  said  to  represent  functionally,  the 
tracts  of  the  me<lulla  oblongata.  These  ganglia  probably  serre  as  centres 
for  any  sympathetic  nerve  iibres,  which  those  animals  may  possess. 

Molluscoida, 

Tliese  are  simplified  Molluscs,  and  the  single  ganglionic  mass,  which 
constitutes  their  cliief  nervous  centre,  is  probably  at  once,  feebly  sensory, 
sensori-motor,  and  n-flejc.  It  represents  the  three  kinds  of  ganglia  in 
1  ho.  Mollusea  ;  it  sends  nerves  to  a  ciliated  sac,  believed  to  be  a  sensory 
«)rgjin,  and  sometimes  has  a  pigment  mass  or  supposed  eye-spot  upon  it ; 
it  Jilso  supplies  brandies  to  tlie  tentiicles  in  the  Polyzoa,  and  others  to 
the  body  and  viscera.  In  position,  and  connections,  however,  it  rather 
resembles  the  pedal  ganglion  of  the  Mollusca,  and,  like  it,  its  office  is 
♦essentially  excito-motor  or  reflex.  The  locomotive  acts  of  these  animals, 
are  extremely  limited,  most  of  them  being  fixed,  or  merely  borne  about 
in  the  sea;  the  most  active  motions  which  they  present,  are  those  of  the 
sides  of  the  body,  intended  to  aid  in  the  drawing  in,  and  expulsion,  of 
water  for  the  purposes  of  respiration. 

Anntilosa. 

The  nervous  system  of  these  animals  might  be  compared  with  that  of 
the  typical  Mollusc,  by  supposing  the  pedal  ganglia  of  the  latter  to  b« 
multiplied  by  the  addition  of  numerous  other  pedal  ganglia  behind  them, 
according  to  the  number  of  segments  in  the  Annuloso  animal ;  or,  in 
otlirr  wcipd.«,  the  MoHuhl'ous  nervous  *ty«t«to  In  like  that  cutnprahendHl 
I  the  cephELlik^.  and  ^ecDiii!  p;iir  of  t^unj^liji  of  the  Annulosa,  But  the  i 
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animals,  as  in  tbe  Tarions  insects,  spiders,  and  myriapods,  and  even  in 
the  swimming  Crustacea,  are  probably  essentially  automatic,  and  per- 
formed independently  of  sensation,  though  they  may  be  associated  with 
it,  and  are  independent  of  volition,  although  they  may  often  be  controlled 
by  it.  The  ascertained  structure  of  this  ganglionated  nervous  cord,  cor- 
responds entirely  with  these  combined  functions ;  for  some  of  the  fibres 
of  the  roots  of  the  nerves,  which  arise  from  it,  are  seen  to  end  in  the  grey 
matter  of  the  ganglion  of  their  own  segment,  or  to  pass  out  at  the 
opposite  side  or  at  the  same  side,  often  becoming,  as  demonstrated  in  the 
leech,  connected  with  processes  from  the  nerve  cells ;  other  fibres  pass 
from  the  nerves  of  one  se^ent,  up  and  down,  along  the  cord,  through 
one,  two,  or  even  three  adjacent  ganglia,  and  then  pass  out  into  as  many 
corresponding  nerves  of  the  same  or  of  the  opposite  side,  above  and 
below ;  other  fibres,  proper  to  the  cord,  act  as  short  longitudinal  com- 
missural fibres,  uniting  the  ganglia  of  adjacent  segments,  and  joining 
the  first  ganglionic  masses  to  the  cephalic  ganfflia,  those  cords  which 
pass  by  the  oesophagus,  being  compared  to  me  medulla  oblongata; 
lastly,  fibres  are  met  with,  sometimes  named  trarucurrent,  which  pass 
over  the  several  ganglia,  and  form  longitudinal  tracts,  extending  up- 
wards to  the  cephalic  ganglia.  By  these  last  named  fibres,  all  parts  of 
the  system  are  brought  into  subjection  to  the  chief  or  cephalic  apparatus ; 
whilst,  within  itself,  every  segment,  with  its  ganglion  and  nerves,  can  act, 
either  independently,  or  in  combination  with  other  segments.  These 
anutumical  facts  present  a  sort  of  analysis  of  the  arrangements  believed 
to  oxist  in  the  more  complex  spinul  cord  of  the  Vertebrata,  which  is 
suppositd  to  consist  of  independent  centres,  fused  together  by  continuity 
of  the  prey  matter ;  functionally  and  structurally,  we  here  recognise  a 
hornolopy,  though,  as  already  mentioned,  there  is,  as  yet,  no  evidence  that 
the  double  ganglionated  cord  of  the  Annulose  type,  is  the  anatomical 
honiolopie  of  the  spinal  cord  of  the  Vertebrate  type.  Experiments  have 
demonstmt4Hl  most  conclusively,  that  this  part  of  the  nervous  system  of 
an  Annulose  animal,  consists  of  independent  and  purely  refiex  centres ; 
and  that  they  yield  phenomena  precisely  similar  in  character  to,  but 
even  more  striking  than,  those  presented  by  lizards,  frogs,  and  newts. 
Thus,  A  decapitated  insect,  nay,  even  a  single  segment  of  a  centipede, 
continues  to  perform  symmetrical  and  characteristic  movements  when  it 
is  irritat4^,  or  placed  in  such  a  position  as  to  l>e  stimulated  to  action ;  a 
water-beetle,  for  example,  if  beheaded,  and  then  placed  in  water,  will 
perform  natatory  movements.  When,  however,  portions  of  an  Annulose 
animal,  severed  from  their  connection  with  the  cephalic  ganglia,  are  left 
untouched,  or  are  not  subjected  to  any  special  stimulus,  they  remain 
quiescent  and  immovable.  Moreover,  though  a  decapitated  centipede 
will,  if  irritate<l,  continue  an  onward  movement-,  and  push  ita  headless 
trunk  against  any  opposing  Ixxiy,  it  will  not  mount  over  it^  turn  aside,  or 
move  backwards,  as  it  would  do,  if  still  under  the  guidance  of  sensation, 
and  a  low  form  of  volition ;  it  cannot  adapt,  or  suit,  its  movements  to  the 
nature  of  the  obstacle,  or  impediment  placed  in  its  path.  The  multiplied 
feet  of  these  animals,  demand  a  corresponding  multiplication  of  the  gan- 
glionic reflex  exci  to-motor  centres,  but  they  are  made  to  act  harmoniously, 
in  succession,  and  in  alternation,  on  the  two  sides,  by  the  fibres  which 
pass  from  nerve  to  nerve,  and  from  one  segment  of  the  cord  to  another; 
whilst,  in  the  perfect  animal,  all  are  brought  into  harmony,  either  instinc- 
tively or  volitionally,  by  the  transcurrent  cephalic  fibres.  The  government 
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of  the  remarkablo  loooTnotive  ]X)wer8  of  those  animalB,  is  thus  provided 
i\)r.  tlu'ir  iiotivo  respimtory  functioni>.  and  other  nutritive  prooeMiMV,  as- 
sisting, And  giving  tlicni  the  roquisito  muscuhir  irritability,  which  is  so 
striking,  when  contnistod  with  the  hIow  movements  of  the  Mollusca. 

Instead  of  the  piirieto-splanclinic  ganglia  of  the  AIolliisc&,  there  is 
found,  at  Iviwt  in  the  higher  Annuloua,  a  very  remarkably  complete 
sympathetic  system.  Kveu  from  the  cephalic  ganglia,  two  minut«  fila- 
nu»ut,s  an*  given  off,  which  sptvdily  unite,  to  form  a  aingle  cord,  on  which 
}i  minute  ganglion  is  found ;  and  from  this,  branches  proceed  to  the 
111 inientary  canal,  the  dorsal  vessel,  and  the  adjacent  large  tracheffi  ;  frum 
the  tX)mmirtsunil  bands,  or  tracts,  between  the  several  ganglia,  simiUir 
nervous  tilument^s  nrise,  which  unit^e,  are  conni»ctod  with  a  minute 
^<iii<<:li(m,  and  give  oif  branches,  chiefly  for  the  dorsal  vessel  and  trachea^ 
of  particular  segments.  These  minute  ganglia  and  nerves  must  govern. 
like  the  sympatlietie  system  of  the  Vert  cbratii,  the  Vf^tative  processes  ot 
tli«*  animal,  viz.  those  performed  by  the  aiimentaiy  canal,  the  glands, 
the  dorsal  vessel,  and  tiie  traehcte. 

The  nervous  system  of  the  Annulostu  is  modified,  so  as  to  be  adapted 
to  the  varieties  of  form  in  the  he;wi8  and  bodies  of  the  different  Classes 
or  prroups.  Thus,  the  development  of  the  cephalic  ganglia,  corresponds 
exactly,  with  that  of  the  jHvrts  situateil  on  the  head,  and  of  the  oi^ns  of 
the  senses,  especially  of  the  eyes.  Again,  the  number,  size,  and  degrt« 
(►f  eonoentration,  of  the  stries  of  abdominal  ganglia,  correspond  with  the 
iiuniber  of  tin*  segments  in  the  l»o<ly,  their  size,  the  degree  of  development 
of  tinir  attached  limbs,  and  the  mode  in  which,  two  or  three  segments 
arc  sometimes  fused  togit.her.  In  the  tailed  Crustact«a.  us  in  the 
lobsters,  shrimps,  and  others,  the  thoracic  segments  are  conaolidatt.Hl,  and 
tlic  thoracic  ganglia  are  coucentrateil  into  a  single  large  mass,  placed  at 
a  Li»ii&iderHble  dii^tsiijtjti  from  thecepUttlteEiinglionj  th«  contieLtiug  coiumi*- 
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seen  in  the  singular  modifications  of  the  neryons  sjstem  of  the  same  in- 
diyidoal  insect,  during  the  metamorphosis  which  the  true  insects  undergo, 
from  the  larva  or  caterpillar  state,  to  the  pupa  or  chiysalis,  and  then  to 
the  imago  state.  In  each  of  these  changes,  the  nervous  system  partici- 
pates. Thus,  in  the  caterpillar,  or  grub,  in  which  the  segments  of  the 
Dodj,  are  always  more  numerous  than  in  the  perfect  insect,  the  number  of 
the  abdominal  ganglia  is  increased  accordingly ;  and,  as  these  several 
segments,  in  the  caterpillar,  are  of  nearly  equal  importance,  and  equally 
devolopeil,  the  ganglia  are  of  nearly  equal  or  uniform  size.  Moreover, 
as  the  organs  of  special  sense,  of  which  the  eves  are  still  the  most 
important,  are  comparatively  feebly  developed,  the  cephalic  ganglia  or 
special  sensorial  centres,  are  relatively  small,  and  present  no  marked  pre- 
ponderance over  the  abdominal  ganglia.  The  locomotive  powers  of  the 
caterpillar,  or  grub,  are  also  singularly  limited,  in  comparison  with  those 
of  the  perfect  butterfly  or  beetle ;  and  such  combining  and  controlling 
power,  as  is  necessary  to  bring  the  locomotive  movements  into  harmonious 
action,  ii*,  of  course,  of  feebler  character ;  hence  the  small  relative  size 
of  the  cephalic  ganglion.  In  the  chrysalis  stage,  in  which  preparation 
is  already  being  made,  for  the  development  of  the  perfect  insect,  suitable 
modifications  in  the  nen'ous  system  begin  to  take  place ;  these  consist, 
first,  in  a  concentration  of  some  of  the  longitudinal  chain  of  ganglia, 
enpecially  of  those  corresponding  with  the  thoracic  region,  now  and  here- 
after to  be  developed  as  the  basis  of  support,  not  only  of  the  lower  limbs, 
but  also  of  the  wings,  and  containing  the  large  muscles  which  move 
those  members  ;  secondly,  in  au  actual  wasting,  or  disappearance,  of  some 
of  the  abdominal  ganglia,  in  acconUince  with  changes,  or  abortions,  of 
the  se^rmeuts  themselveH ;  and  lastly,  in  an  increase  in  the  size  of  the 
cephalic  ganglia,  harmonising  with  the  foreshadowed  increased  develop- 
ment of  the  sensor}'  powers,  of  the  sensori-motor  or  instinctive  facidty,  and 
of  such  volit  ionul  manifestations,  as  the  perfect  insect  is  capable  of.  In 
tlie  perfect  iuseot,  these  changes  in  the  nervous  system,  attain  their  fuU 
development ;  the  cephalic  giinglion,  tiie  great  sensory  centre,  and  con- 
trolling motor  centre,  as.'^unies  a  pn'pondeniting  size,  in  comparison  with 
the  other  g;inglia ;  the  thoracic  pairs  of  g<Lnglia  are  enlarged  and  con- 
Cfut  rated ;  whilst  the  abdominal  ganglia  remain  small,  or  even  diminish 
in  size,  posteriorly. 

Annuloid^i. 

The  quadniple,  double,  or  single  cephalic  ganglion  of  the  vermiform 
SiMilecida.  or  Rotiferous  animalcules,  imdoubtetUy  combines  the  sensory, 
and  the  sensori-motor  powers,  and  the  reflex  faculty  as  well ;  but  there  is 
no  evidence  of  real  volition  in  these  animals.  It  has  connected  with  it,  the 
nerves  of  the  tentacles,  and  those  of  certain  ciliated,  and  possibly  sensory, 
sacs,  ami  resting  upon  it,  in  some  cases,  are  pigmentary  eye-spots,  or 
rudinH'ntar}'  ocular  organs.  The  Rotifera,  at  all  events,  seem  to  be  at- 
tract ihI  by  Ii>xht  and  heat.  Passing  bju'k wards  from  the  cephalic  ganglionic 
mass,  are  also  nerves,  which  supply  the  skin,  the  muscles  of  the  body,  and 
even  the  viscera.  The  nervous  system  of  the  Echinodermata,  is  very 
peculiar,  being  iwlaj)ted  to  th(?  radiated  condition  of  the  body ;  its  several 
ganglia  may  be  regarded  as  parts  of  one  divided  cephalic  ganglion  con- 
nected by  commissures ;  from  its  five  segments,  afferent  and  efferent 
fibres  proceed  to  the  rays,  or  divisions,  of  the  animal,  to  the  mouth  and 
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TiBCPr*  -  the  <*ye-spot f,  foand  in  somo  Bl&r-fiabei*  olao  ljAt«»minut&  i 
trareiibiei  to  tbefsi,  'TUt^n-  is  certainlj  jjo  sign  of  i^oUtion  in  the  Bdli- 
Dodermats ;  their  lensatiun  is  also  of  the  lowMi  ocdor ;  wad  ths  MBMiti* 
motor,  or  instinctive,  moTements  «ro  ptohaUy  afawMl  sntMjVBplaaid  t^ 
purely  ezcito-motor,  or  reflex,  acts»  whidi  would  aliMMt  coqnia  thnr 
habits  and  life.  None  of  the  flya  gaiigUa  am  '  _ 
Ruperioritjr  over,  the  rest ;  thej  mur  be  regarded  aa 
of  a  sub<uWded  looomotiTe  or  Mollmttms  pedal  _ 
slight  share  of  sensibility  superadded.  MQinof«r,'tlie'  _ 
iiected  by  some  physiological,  as  well  aa  aaabomieal,  boii^;  Ibr,  in  tlM 
Synapta,  a  species  of  star-fi^  which  has  the  habit  of  easting  oC  aft  iti 
base,  an  iiyured  or  irritated  ray,  this  power  i»  lost,  if  any  part  of  tlM 
nervous  circle  around  the  month,  be  prefioosly  cub  throng 

The  f auctions  of  the  sympathetic  system,  seem  to  be  p>ii  Ihtinad  by  tlia 
jreneral  nervous  i^stem,  or  by  parts  blsndsd  with  it;  te  no  '^^^ — ^ 
ganglia  appear  to  be  set  aside  for  it^ 

CalemUnta. 

In  the  few  instances,  in  which  a  distinct  servoos  lyatan  haa 
detected  in  this  sub-kingdom,  as  in  Beroe  and  Cydipps^  its  _  J 
central  mass  has  a  spot  of  pigment  upon  it,  and  givaa  ofSnmmto tha 
soft  contractile  walls  of  the  body,  and  to  the  so-called  anditoiy  aaci.  It 
must  fulfil  a  sympathetic  and  reflex  ofBoe;  it  nusj  alao  nffiiiiaa  tts 
feeblest  sensory  or  sensori-motor  power ;  but  no  volitional  flmeCioBa.  It 
is  possible,  that  in  the  simplest  forms,  such  as  the  Hydm,  no  nerma 
system  exists ;  it  is  more  probable,  however,  that  it  is  preaent^  but  has 
escaped  detection.  Lower  than  this,  we  cannot  imagine,  on  pbynolopoal 
grounds,  the  presence  of  a  nervous  system,  which  controls  i 
without  one  ftflTorenlT  and  oat?  t?fieri?i]f,  fibn\  itml  , 
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animalcnles,  kept  in  a  vessel  of  water,  will  oongregata  towaids  the  light ; 
and  in  some  of  these  minute  organisms,  colourea  spots  present  them- 
selves, which,  if  they  be  ocular  spots,  would  imply  some  feeble  form  of 
sensation.  A  granule,  or  particle  of  nerve  substance,  situated  at  some 
particular  point,  within  this  sinsle-celled  animal,  might  form  an  excit- 
able sensorial  nerve  centre,  without  exercising  any  controlling  motor 
iuiluence.  In  the  Rhizopoda,  or  Foraminifera,  and  in  the  Spongida  and 
Gregarinida,  all  of  which  consist  of  a  fleshy  or  contractile  sarcodous  mass, 
not  enveloped  by  any  distinct  cell  wall,  and  the  shape  of  which  may,  in 
the  two  former  groups,  change  most  irregularly,  it  would  seem  as  if  the 
contraction  of  the  sarcode,  on  which  the  movements  of  these  primitive 
animals  depend,  were  excited  directly  by  external  stimuli,  acting  without 
the  intervention  of  nervous  substance.  Their  motions  can  scarcely  be  said 
to  possess  the  spontaneity  and  regularity,  which  are  characteristic  of  those 
dictated  by,  or  excited  through,  a  nervous  system,  and  which  therefore 
are  characteristic  of  animal  lira.  They  resemble  more,  those  performed  by 
the  parts  of  plants,  or  by  some  of  the  lower  plants,  in  which  the  co-ope- 
ration of  nervous  substance,  is  not  even  suspected. 

If  these  lowest  forms  of  Protozoa,  possess  any  nervous  granules  within 
them,  they  are  probably  not  oven  sensory,  for  no  trace  of  ocular  pigment 
is  found  in  them  ;  such  granules  might,  however,  exercise  a  control  over 
the  nutrition  of  the  cell,  and  in  this  way,  indeed,  might  influence  ciliary 
motion,  not  only  in  the  Spongida,  but  in  the  Infusoria,  in  the  Ccslen- 
t«rata,  and  in  all  the  higher  animals,  even  in  the  Vertebrata;  for  that 
motion  may  bo  intimately  connecUid  with,  if  not  wholly  dependent  on, 
uutritivo  molecular  changes. 

THE    SENSES. 
Sensation  in  general. 

Sensation  consists  essentially,  in  a  certain  change  in  the 
aciiflorium,  or  the  sensorial  portion  of  the  cerebrum,  accompa- 
nied by  the  mental  state  known  as  consciousness.  By  this, 
we  become  aware  of  external  or  internal  impressions  made 
upon  the  sensory  nerves,  or,  rather,  of  certain  conditions  of 
those  nerves,  produced  by  those  impressions.  The  conscious- 
ness of  these  central  changes,  produced  within  us,  by  means  of 
such  impressions,  constitutes  sensation.  Changes,  originating 
in  the  sensorial  centres,  may  also  induce  internal  sensations. 
Hence,  in  the  act  of  sensation,  whether  from  external  or  in- 
ternal causes,  we  feel  the  condition  of  our  nerves  and  nervous 
centres,  and  not  the  objects  or  stimuli  which  excite  them. 

The  ultimate  evidence  of  the  existence  of  sensation,  in  each 
individual,  is  intrinsic  and  personal.  Conscious  sensation  is  a 
fact,  in  tlie  constitution  of  our  corporeal  and  mental  nature, 
which  is  absolutely  incapable  of  explanation.  The  evidence  of 
sensation  in  other  persons,  is  a  matter  of  inference  from  like- 


^xic  conditions  of  sensation,  ar« 
and   causal.     First,  tluTO  must   e: 
organ,  to  wliicli  tlie  pcriplicral  extrt 
fibres  may  Ix;  distributed  ;  secondly, 
and,    thirdly,   a   sensorial  grey   m 
these  several  parts  must  be  in  an 
each  other.     Such  parts,  for  examp 
nerve,  and  certain  portions  of  the  cer 
the  exceedingly  simple  eyes  of  some 
ocular  spots  are  placed  dose  upon  tl 
are  doubtLess  extremely  short  connec 
them.    Secondly,  the  physiological  co 
the  healthy  state  of  the  several  speci 
organs,  a  due  supply  of  arterial  bloo< 
active  state  of  their  nutrition ;  lor,  if  i 
inflamed,  over-excited,  exhausted,  oi 
modified,  or  even  suspended.     Abno 
part  of  ^e  sensorium,  which  is  cone 
senaation,  may  cause  increased,  or  d: 
external,  or  mtemal,  impressions.    I 
juit  enumerated  as  constituting  a  com] 
must  be  excited  by  some  causal  agen 
which,  in  the  ordinary  acts  of  sensation 
nerves,  and,  through  these,  in  the  se 
but  which,  in  the  case  of  internal  se 
on  the  nerves,  or  directly  upon  the  ne 

Sensory  stimnH  — 
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from  them,  are  therefore  likewise  objectiye,  though  internal 
or  corporeal.  The  ordinary  external  objective  stimuli  are 
physical,  material  or  mechanical,  chemical,  thermal,  or  elec- 
trical, and  include  matter  of  all  kinds,  all  forms  of  motion, 
molar  or  molecular,  imdulatoiy  or  impulsive,  such  as  those 
ivhich  produce  sound,  heat,  pernaps  chemical  action,  light,  and 
electricity.  Such  motions,  succeeding  each  other  according 
to  fixed  laws,  may  be  supposed  to  be  propagated  onwards, 
through  the  sensory  apparatus,  or  to  produce  corresponding 
motions,  molar  or  molecular,  in  it.  The  internal  or  corporeal 
objective  stimuli  reside  in  the  blood,  such  as  its  temperature, 
and  peculiarities  in  its  chemical  composition;  or  tney  may 
proceed  from  the  tissues  to  which  the  nerves  are  distributed, 
changes  in  the  nutritive  metamorphosis  of  which,  may  afiect 
the  nerves ;  or  they  may  depend  upon  changes  in  the  nutri- 
tive condition  of  the  extremities,  or  of  the  trunks,  of  the  sensory 
nerve  fibres,  or  of  the  sensorial  nervous  centres  themselves. 
The  sensations  resulting  from  such  stimuli,  are  commonly 
known  as  subjective.  But,  as  we  have  already  mentionea, 
the  only  true  subjective  stimuli  which  can  cause  sensations, 
are  those  depending  on  purely  psychical  or  mental  states,  such 
as  ideas  or  emotions.  It  in  oflen  difficult,  in  regard  to  certain 
sensations,  to  say  whetlier  they  are  corporeally  or  externally 
objective ;  also  whether  they  are  truly  subjective,  corpo- 
really objective,  or  externally  objective.  Experience  and  close 
examination,  can  alone  decide  these  points.  Sensory  stimuli 
have  also  been  defined,  according  to  whether  they  are  able  to 
produce  only  one  kind  of  sensation,  or  several  different  kinds, 
as  either  homolofjous  or  heterologous.  For  the  reception  of  the 
former,  such  as  light  and  sound,  the  sensory  organ  requires 
to  be  peculiarly  constructed,  and  the  nerve  to  be  specially  sen- 
sitive at  its  extremity.  The  latter,  such  as  electricity  or  me- 
chanical shocks,  produce  various  forms  of  sensation,  and  act 
on  nil  kinds  of  sensory  organs.  The  sensations  produced  by 
either  kind  of  stimulus,  are  similar  lor  each  organ.  A  homo- 
logous stimulus  acts  only  on  its  proper  nerve;  light,  for 
ex!im}>le,  has  no  effect  on  the  nerves  of  taste;  moreover, 
such  a  stimulus  acts  only  on  the  periphery  of  the  nerve- 
fibres,  and  not  upon  their  trunks,  as  is  illustrated  by  the  &ct 
that  the  optic  nerve  itself  is  insensible  to  light.  As  different 
stimuli,  acting  on  the  same  sensory  organ,  give  rise  to  the 
siime  kind  of  sensation ;  and,  again,  as  the  same  stimulus  may 
produce  different  sensations,  if  it  acts  on  different  oigans,  it 
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would  appear,  that  each  sensory  apparatus  has  its  own  recipient 
])ower  or  endowment,  perhaps  likewise  some  special  energy 
in  its  nerve,  and,  as  is  generally  supposed,  in  its  proper 
soTisorial  nervous  centre.  Hence,  an  absolutely  deaf  person 
cannot  hear,  even  the  loudest  sonorous  vibrations;  but  he 
may  perceive  them,  through  the  sense  of  touch,  as  physical 
vibrations  of  matter. 

Certjiin  general  iacts,  in  regard  to  sensation,  have  been  de- 
scribed as  laws  of*  sensjition.  For  example,  in  the  ordinary  act 
of  ext(Tnal  objective  sensation,  the  surface  of  the  sensory  organ 
is  the  immediate  recipient  of  the  stimulus,  and,  through  it,  the 
first  impression  is  made  on  the  peripheral  extremities  of  the 
sensory  nerve -fib  res.  These  latter,  then,  play  an  internuncial 
part,  and  conduct  the  changes  induced  in  them,  to  the  sensorial 
nervous  centre,  which  itself  undergoes  changes,  being  tlie  ex- 
(^itable  anatomical  seat  of  what  is  known  to  our  consciousness, 
as  sensation.  The  presence  and  the  degree  of  sensibility  in 
a  part,  depend,  other  things  being  equal,  on  the  existence  and 
the  number  of  nerve-fibres  distributed  to  it ;  thus  parts  and 
tissues  destitute  of  nerves,  such  as  the  nails,  hairs,  and  cuticle, 
are  absolutely  insensible ;  the  tendons  and  bones,  which  have 
l)ut  few  nerves,  are  but  moderately  sensitive,  excepting  in 
cases  of  disease ;  whilst  the  skin,  lips,  and  tongue,  are  highly 
sensitive,  being  provided  with  an  abundance  of  nerve-fibres. 
Cumuli  act  es]iaeiallyj  and  most  ejitsily  and  effectively,  on  the 
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Inhere  the  sensation  is  completed ;  and,  again,  the  impressions 
which  produce  the  sensations  of  taste  and  smell,  are  also 
located  in  the  tongue  and  nose.  The  sensations  belonging  to 
hearing  and  sight,  are  likewise  not  felt  in  the  brain,  and  only 
appear  to  take  place  through  the  ear  and  eye ;  but  they  are  re- 
ferred exclusively,  to  their  external  causes,  outside  of,  and  more 
or  less  remote  from,  the  body.  It  is  also  to  be  noted,  that  touch, 
taste,  and  smell,  are  excited  by  bodies  of  yarious  kinds,  whilst 
hearing  and  sight  are  stimulated,  each  by  one  special  agent. 
The  reference  of  sensations  to  the  peripheral  extremities  of  a 
nerve,  even  though  this  be  stimulated  in  its  trunk,  is  illustrated 
by  the  tingling  of  tlie  little  finger,  or  the  feeling  of  pins  and 
needles,  when  the  ulnar  nerve  is  struck,  or  compressed,  at  the 
elbow,  or  funny  hone ;  and  the  same  phenomenon  is  observed 
afler  amputations  of  the  limbs,  when  sensations  are  felt,  as  it 
is  expressed,  in  the  amputated  toes  or  fingers,  owing  to  irrita- 
tion in  tlie  cut  ends  of  the  nerves  of  the  stump.  This  local 
reference  of  the  sensations,  to  the  extremity  of  the  nerves 
concerned,  is  also  exemplified  in  the  phenomena  of  the  trans- 
ference and  radiation  of  painful  sensations  (see  page  345). 

Tlie  nature  of  some  sensations,  as  we  have  just  shown,  is 
so  purely  objective,  that  we  habitually  refer  them  entirely  to 
the  outer  world,  without  being  conscious  of  any  internal  or 
local  changes  in  the  sensory  apparatus ;  this  is  the  case  in 
sight  and  hearing.  A  less  completely  objective  sensation  is 
tliat  of  pressure,  since  wo  refer  it  to  a  j>art  of  the  body,  as  well 
as  to  its  external  cause.  Still  less  apparently  objective  sensa- 
tions are  smell,  taste,  and  the  thermal  sense;  for  these  are 
rcfeiTed  entirely  to  the  nose,  mouth,  and  heated  or  chilled 
surface  of  the  skin,  and  not  to  the  outer  world.  The  reference 
of  these  three  degrees  of  objective  sensations,  to  their  respec- 
tive external  causes,  is  connected  with  different  mental  pro- 
cesses ;  but,  in  all  cases,  an  inference  is  drawn,  that  they  depend 
on  proj^erties  of  external  objects  or  forces.  Thus  an  agreeable 
odour  is  a  property  ol*  the  rose,  and  a  green  colour  of  chlo- 
rophyll. At  first,  however,  in  tlie  infant,  sensations  are  not 
associated  with  ideas,  or  related,  through  perception,  with  ex- 
ternal objects;  but  the  mind,  by  some  innate  process,  soon 
compares  sensations,  caused  by  such  objects,  with  those  which 
arise  in  the  interior,  and  learns  to  discriminate  them  from  the 
latter,  and  so  to  distinguish  the  objective  '*  self,"  fi-om  the 
outer  world.  The  recognition  of  the  subjective  "  ego,"  is  a 
still  higher  mental  act. 
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Tliotiph  sensations  are,  in  the  normal  condition,  inseparablr 
linked  with  consciousness,  they  may  be  unattended  to,  or 
ccaf»c  to  be  regarded  by  the  attentive  mind,  i.e.,  by  the  mind 
acting  in  the  state  called  attention ;  the  sensations  are  then  so 
traiisitoiy,  that  they  have  been  named,  though,  it  is  here  sub- 
mitted, erroneously,  unconscious  sensations,  a  concatenation  of 
terms,  apparently  illogicAl,  and  contrary  to  fact.  In  the  most 
perfect  sensation,  tlie  whole  attention  must  be  concentrated 
upon  the  sensory  impression. 

The  vehcitt/  of  sensory  impressions,  in  their  paths  from  the 
periphenil  organs  to  the  sensorial  nervous  centres,  has  been 
already  mentioned  (page  279).  This  velocity  is  measurable, 
but  so  rapid,  that,  within  the  limits  of  the  body,  the  moment  of 
sensation  practically  coincides  with  the  moment  of  impression. 
Tlie  intensitt/  of  a  sensation,  is  proportional  to  that  of  its  ex- 
citing cause,  the  state  of  the  sensorial  apparatus  being  equal; 
but  we  are  unable  to  perceive  any  measureably  corresponding 
strcjngth,  in  the  sensations  produced;  as,  for  example,  in 
degrees  of  flavour,  or  shades  of  brightness.  The  impressions 
made  upon  the  senses  of  touch  and  sight,  however,  yield  ua 
definite  measurements  of  space  and  time.  The  relative  ficute- 
/less  of  sensation,  is  detcnnincd  by  the  ability  to  distinguish 
the  feeblest  stimuli,  or  stimuli  differing  but  very  slightly  in 
intensity.      Weak  stimuli  require  a  longer  period  of  action 
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ticular  stimulating  body  has  been  applied  to  it,  the  instan- 
taneous prick  of  a  pin,  leaving  an  evanescent  sensation,  whilst 
the  longer  contact  of  the  same  body,  is  followed  by  a  more 
lasting  effect.  Sensations,  occurring  in  debilitated  states  of  the 
health,  or  in  weakened  conditions  of  the  nutrition  of  the  nerves 
and  nervous  centres,  are  more  durable  than  those  occurring  in 
the  healthy  state ;  in  the  latter  case,  the  nutrient  effort  of  the 
nervous  substance  more  quickly  restores  it  from  the  peculiar 
condition  of  change,  produced  by  its  stimulation. 

AJler-sensations,  more  or  less  distinct,  are  noticed  in  regard 
to  all  the  senses.  They  depend  on  the  persistence  of  iJie 
disturbed  state  of  the  sensory  apparatus,  nerve,  or  sensorial 
nervous  centre,  which  parts  are  not  immediately  restored  to  a 
condition  of  rest  or  equilibrium.  These  after-effects  endure 
longer  in  enfeebled  states  of  the  sensory  apparatus,  or  in  debi- 
litated states  of  the  nervous  substance,  as  illustrated  in  the 
case  of  ocular  spectra^  which  remain  longer  on  the  retina,  in 
perHons  in  whom  that  part  of  the  eye,  is  enfeebled  by  age  or 
other  causes.     Ocular  s{X}ctra  recur,  as  well  as  persist. 

Certain  sensations  are  aceompanied  by  other  or  associated 
scnwitionrt.  These  arise,  either  from  simple  radiation  of  the 
sjime  sensation,  as  in  the  extension  of  a  luminous  impression 
on  the  retina,  and  the  diffusion  of  a  painful  sensation  through 
infianu'd  or  excited  nerves,  as  in  neuralgia  of  tlie  face  from 
tooth -ache ;  or  from  the  excitation  of  a  different  sensation, 
as  when  a  cold,  or  creeping,  sensation  is  caused  along  the 
l>ack,  or  the  teeth  are  set  on  edge,  by  disagreeable  jarring 
pounds,  like  that  produced  by  drawing  a  slate  pencil  vertically 
upon  a  slate,  or  by  tearing  silk  or  calico. 

The  repetition^  if  moderate,  of  a  sensation,  has  the  effect 
of  strengthening  tlie  power  of  the  sensory  organ,  nerve,  or 
centre,  or  of  all  tlirec  parts.  This  is  illustrated  by  the 
exercise  of  a  particular  sense,  as,  e.g.^  of  the  eye  by  sailors, 
of  the  &iT  by  the  practised  musician,  of  taste  and  smell  by 
wine-  and  tea- tasters,  and  of  the  sense  of  touch  by  watch- 
makers, silk-weavera,  and  others.  But  the  too  frequent  repe- 
tition of  powerful  sensations,  exhausts  part  of,  or  all,  the  sen- 
sorial apparatus.  It  is  also  to  be  observed,  that  whilst  the 
re|)f.'tition  of  the  same  sensory  impressions,  may  strengthen 
tlie  sensory  faculty,  it  at  the  same  time  weakens  the  power  of 
attention  to  such  sensations,  especially  if  these  be  monotonous, 
like  the  ticking  of  a  clock,  or  the  clack  of  a  miU ;  and  thus 
persons  become  habituated  to  sounds,  and  also  to  continued 


,  —  .yif.-^frvaDio  m  aim 
respective  powers   of  s(?nsati()n. 
to   education,    trainiiip-,    or   lial)i 
explained,  by  reference  to  indivi 
ment.     For  examj)le,  there  are 
certain  tones,  especially  the  var 
between  two  musical  notes ;  then 
hereaf\;er  explain,  who  are  unable 
and  are  hence  named  colour-blind 
smell  are  likewise  met  with.  Natio 
may  account  for  the  love  of  certai 
love  of  music,  noticeable  in  difien 

Exaltations  of  sensation  occur 
somnambulistic,  or  hypnotic  states 
temperature,  touch,  and  hearing,  m 

It  is  not  known  whether  such  p 
of  sensation,  are  owing  to  modificati 
or  organ,  in  the  intemimcial  nerves, 
Probably,  in  the  case  of  individua 
all  these  parts  are  modified ;  but 
exaltation,  the  change  is  perhaps  li 
Tous  centres. 

Suspensions  of  sensation  may  be 
thus,  die  topical  application  of  cold, 
or  other  anesthetic  agents  to  the 
may  suspend  sensation  locally.  1 
or  division  of  the  internnnoioi  -.- 
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that,  under  the  influence  of  sleep,  sight,  the  most  acute  sense, 
is  the  first  to  be  suspended,  then  taste  and  smell,  next  hearing, 
and  lastly,  touch. 

The  memory  cannot  recall  common  sensations,  nor,  except 
rarely,  the  sensations  proper  to  the  special  senses ;  but  it  can, 
the  mental  perceptions  produced  as  the  result  of  these. 

The  variety  of  sensations  manifested  by  man,  is  very  great, 
and  the  onlinary  subdivision  of  these,  into  common  sensa- 
tion, and  five  special  senses,  viz.,  sight,  hearing,  smell,  taste, 
and  touch,  by  no  means  sufficiently  or  scientifically  expresses 
the  whole  range  of  our  bodily  sensations.  In  such  a  classifi- 
cation, the  sense  of  touch  is  recognised  as  distinct  and  special, 
though  more  oflen  regarded  as  a  simple  modification  of  the  com- 
mon sensibility.  Again,  it  neglects  the  distinctive  characters 
of  certain  other  sensations,  by  including  them  tmder  the  head 
of  common  sensation,  especially  the  sense  of  temperature,  i.*., 
of  heat  and  cold,  the  muscular  sense  or  the  sense  of  internal 
effort  and  resistance,  the  sensations  of  hunger,  thirst,  nausea, 
satiety,  want  of  breath,  &tiguc,  and  exhaustion ;  and,  lastly, 
tlie  feelings  which  accompany  certain  mental  states,  such  as 
imaginary  sensations,  and  the  peculiar  sensations  experienced 
in  deep  emotions,  whether  pleasurable  or  painful.  From  these 
so-called  modifications  of  common  sensibility,  the  sensations 
proper  to  the  muscular  system  have  been  removed,  and 
treated  of  as  belonging  to  a  special  sense,  under  the  name 
of  the  sixth  sense.  The  researches  of  SchiiF  and  Brown  S^- 
quard  (i)age  o4:l),  have,  moreover,  led  those  physiologists  to 
the  belief,  that  siHJcial  paths  of  conduction  exist  in  the  spinal 
cord,  for  the  senssitions  of  touch,  temperature^  and  pain ;  so 
that  perhaps  the  true  tiictile  sense  should  be  distinguished 
from  common  sensation,  to  which  pain  may  be  referred,  and 
the  sense  of  temperature  from  both. 

Special  Sensation. 

The  causes  of  the  variety  of  sensations,  whether  common 
or  special,  are  very  obscure.  Common  sensation  is  the  basis 
of  the  special  sensations,  or  the  fundamental  type  of  sensibility. 
Touch  is  plainly  a  modification  of  it,  and,  in  this  general  view, 
even  taste,  smell,  hearing,  and  sight,  are  but  special  adapta- 
tions of  a  common  sensory  faculty.  The  organs  of  the  special 
senses,  oven  the  nose,  the  ear,  and  the  eye,  are  formed  out  of 
inverted  portions  of  the  common  surface  of  the  embryo,  which, 
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for  the  development  of  those  specially  constructed  and  complex 
organs,  imdergo  peculiar  metamorphoses,  to  adapt  each  for  the 
reception  and  translation  of  its  proper  external  stimulus,  so  ihat 
this  may  excite  the  energy  of  the  nerve  and  nervous  centres.  Be- 
sides the  special  recipient  apparatus,  however,  there  are  special 
internuncial  nerves,  and  special  sensorial  nervous  centres. 
Moreover,  it  is  supposed  that  these  nerves  have  special  endow- 
ments to  suit  them  for  their  respective  offices,  and  ihsX  the 
nerve  centres  possess  distinct  physiological  properties  or  modes 
of  reaction  under  external  stimulation. 

The  special  susceptibility  of  each  sensorial  centre,  whether  of 
that  of  sight,  hearing,  smell,  or  taste,  is  said  to  be  proved  by  the 
fact,  that  internal  changes  in  these  centres,  may  produce  cor- 
responding sensations,  independently   of  the  co-operation  of 
either  the  special  nerves  or  recipient  apparatus.     In  cases  of 
amaurosis,  or  loss  of  visual  power  in  the  retina  or  nervous 
expansion  of  the  eyeball,  luminous  spectra  have  been  excited 
by  internal  causes;  and  galvanism,  applied  to  a  person  de- 
prived of  one  eye,  has  been  known  to  cause  luminous  impres- 
sions on  the  blind  side.    But  to  these  facts,  it  may  be  objected, 
that,  in  the  first  case,  the  recipient  organ  was  still  connected 
with  the  brain,  and  might  not  have  been  altogether  disor- 
ganised ;  and  in  the  second  case,  that  the  luminous  impressions 
might  have  been  erroneously  referred  to  the  blind  side,  or 
have  been  the  result  of  a  recurrent  action  of  the  sound  eye. 
A  common  internal  stimulus,  such  as  an  excess  of  blood  in 
the  capillaries  of  the  nervous  centres,  is  frequently  known  to 
produce  flashes  of  light,  noises,  or  odours,  according  to  the 
sensorial  centre  affected ;  but  in  such  cases,  it  must  be  re- 
membered that  these  parts  are  still  in  connection  with  their 
respective  recipient  organs.     This  is  also  the  case,  when  so- 
called  ocuLir  spectra  are  seen,  some  of  which  are  so  definite  in 
shape,  detail,  and  colour,  as  to  resemble  e«temal  objects,  or 
persons,  familiar  to  the  subject  of  such  spectral  illusions,  and, 
indeed,  so  defined,  that  we  cannot  conceive  of  their  production 
amongst  the  nerve  cells  of  the  sensorial  centre,  but  must  refer 
tliem  to  the  preliminary  formation  of  definite  patterns  of  images 
upon  the  retinal  structure.     The  same  objection  may  be  made 
to  instances  of  the  sensation  of  light  being  caused  by  pressure 
on   the   brain,   of  sparks,   of  buzzing  or  other  noises,   and 
of  creej)ing  sensations  in  the  skin,  being  produced  by  narcotic 
agents,  in  all  which  cases,  the  recipient  organs  are  still  con- 
nected with  the  sensorial  nervous  centres.     The  results  of  the 
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application  of  a  common  external  stimulus,  such  as  a  blow, 
pressure,  or  electrical  shocks,  to  the  various  sensory  organs,  all 
of  which  imdoubtedly  produce  the  sensations  of  light  and  colour 
in  the  eye,  loud  or  ringing  noises  in  the  ear,  a  salt  or  acid 
taste  in  the  tongue,  and  idiock  or  pricking  in  the  skin,  are 
open  to  the  same  objection.  As  to  the  effects  of  direct  stimu- 
lation of  the  trunks  of  the  gustatory,  olfactory,  or  auditory 
nerves,  by  electricity  or  mechanical  means,  nothing  is  known ; 
direct  irritation  of  the  optic  nerve,  is  said  to  produce  not  pain 
but  a  sensation  of  light ;  no  such  experiment,  however,  has 
yet  been  made,  after  the  complete  removal  of  both  eyeballs,  and 
therefore,  even  if  one  eye  had  been  removed,  some  recurrent 
effects  may  have  been  produced  through  the  retinal  elements 
of  the  remaining  eye. 

The  existence  of  a  special  susceptibility  in  the  intemuncial 
nerves  of  the  different  senses,  is  inferred  from  similar,  but 
equally  defective,  evidence  to  that  adduced  in  regard  to  the  sup- 
posed distinct  endowments  of  the  sensorial  centres.  It  has  even 
been  assumed,  that  they  possess,  not  only  a  special  irritability 
as  regards  certain  heterologous  stimuli,  but  special  qualities 
which  can  generate,  under  ordinary  or  homologous  stimulation, 
jKJculiar  sensiitions  in  the  several  sensorial  centres;  but  the 
proofs  adduced  are  of  the  same  imperfect  character ;  and  some 
disturl^ance,  or  altered  condition,  of  the  recipient  apparatus 
still  in  connection  with  the  ner\'C8,  may  have  been  the  cause 
of  the  specific  reaction  of  the  nerve  and  its  nervoiis  centre. 
The  well-known  plienomenon  of  sensations  referred  to  the 
lost  toes  or  fingers,  afler  amputation  of  the  limbs,  presents 
an  example  of  localised  sensation,  dependent  on  irritation  of  a 
nerve- trimk  ;  but  such  sensjitions  are  not  special,  or  such  as 
apparently  require  a  recipient  organ  to  excite  them.  They 
resemble  rather  the  sensfitionof  pins  and  needles  in  the  little 
fiii^^er,  produced  by  a  blow  upon  the  ulnar  nerve  at  the  elbow, 
and  consist  of  modifications  of  pain,  rather  than  of  definite 
tactile  impressions,  or  impressions  of  temperature,  such  as  can 
only  be  produced  through  the  cutaneous  organs. 

The  phenomena  of  special  sensation  and  its  varieties,  may 
perliaj)S  be  accounted  for,  witJiout  assuming  the  existence  of 
absolutely  distinct  f)hysiological  endowments  in  the  intemuncial 
nerves  and  nervous  centres.  The  conducting  and  recipient 
powers  of  these,  may  be  the  same,  or  fundamentally  alike ;  their 
structure,  at  least,  presents  no  recognistible  difference  sufficient 
to  account  for  any  absolute  difference  of  endowment;  any 
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diBtnTtiQiioe  in  their  molecular  constitution,  produoet]  liy  a 
senaoiy  impression,  maj  be  sijippoaefl  to  involve  the  %^m@  nto^ 
cheniictil  and  rito- physical  changers  in  the  stihgtaocis  tsA 
condition  of  the  nervous  elenieniiS,  whether  characterized  by 
oxidation,  heat,  or  internal  motion  j  these  changes  may  pre^e»t 
raerdj  correlated  differences  in  kind^  or  in  decree ^  in  reg^ 
to  each  sense ;  the  peculioritiea,  or  different  degrees,  of  thea^ 
changes,  naaj  depend  on  the  difference  in  the  external  stimuli 
which^  tn  the  case  of  each  special  sense,  nre  able  to  act  upon  tlie 
nervous  stihetanee ;  and  lastly ,  the  object  of  the  speeiadlped 
recipient  surface  or  apparatus  in  eai^h  sensory  organ,  this  o«^ 
part  of  eadi  organ  of  sease,  in  whieb  we  can  detect  mt^^ 
manifest,  vanod,  and  eingularlj  adapted  structure  and  contri- 
vance, may  be  to  mediate  between  the  Bpecial  etitnulus  and 
the  common  func^amental  tiervoua  endowment,  to  translate  that 
fitimnlua  into  nerroua  energy,  and  go  to  excite  peculiar  moiic* 
of  reaction  in  a  similar  nervous  substance.  When  our  know- 
ledge concerning  the  conditions  or  ctianges  which  take  pUct 
in  tlie  nervous  substance  in  common  sensation,  is  complete,  we 
may  be  able  to  explain  the  moflifi cations  in  those  chkoge^  or 
eonditiona,  whieh  are  essential  to  special  sensation. 

All  sensations,  though  realised  through  the  mental  state  called 
consciousness,  which  h  berfond  our  mearis  of  invmtiiiati'mt^  de- 
pend ultimately,  as  objects  of  physiolngical  study,  on  ee^tam 
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arranged  in  three  groups,  each  containing  two  related  or 
coupled  senses.  The  first  group  consists  of  two  molar ^  or  dy- 
riamical,  senses,  viz.,  touch  and  hearing,  the  senses  of  matter  in 
contacty  and  of  matter  in  motion,  or  the  tactile  and  acoustic 
senses ;  the  former  reveals  to  us  the  presence  of  matter  itself, 
by  the  pressure  of  substance  against  substance,  whilst  the 
latter  conveys  to  lis  the  effects  produced  by  particles  of  matter 
undergoing  motions  which  cause  the  phenomenon  of  sound. 
The  second  group  is  chemical,  and  includes  taste  and  smell, 
the  former  acting  dialytically,  the  latter  perhaps  catalytically. 
Both  depend  on  chemical  reactions,  which  take  place  in  the 
extremities  of  their  respective  nerves,  and  are  allied  by  the 
common  property  of  recognising  those  forms  of  molecular 
motion,  which  occur  in  acts  of  chemical  combination  or  decom- 
position. Taste,  however,  requires,  as  one  of  its  conditions, 
the  dialytic  penetration  of  a  chemical  substance  in  solution, 
through  the  sofl  tissues,  to  the  extremities  of  the  gustatory 
nerves ;  whilst  smell  appears  to  require  the  concurrence  of  a 
catalytic  act  of  chemical  combination,  between  oxygen,  or  some 
otlier  agent,  and  the  odorous  matter,  at  the  surfoce  of  the 
olfactory  membrane,  to  which,  as  we  sliall  hereafter  describe, 
certain  j)ointed  appendages  of  the  olfactor}'  nerves  actually 
reach.  Lastly,  in  the  third  group  are  contained  the  thermic 
and  the  photic  senses,  which  convey  to  us  the  effects  of  those 
further  kinds  of  undulatory  movements,  occurring  between 
the  molecules  and  supposed  intermgkcular  ether,  or  in  the 
intermolecular  ether  itself  (or  in  the  centres  and  periphery  of 
those  spheres  of  force,  of  which  matter,  by  some,  is  supposed 
to  consist),  upon  which  the  phenomena  of  heat  and  light  are 
believed  to  depend, — movements  and  phenomena  so  far  related, 
that,  though  lieat  may  be  manifested  to  us  without  light,  and 
light  without  heat,  yet  heat  of  a  certain  intensity  is  always 
accompanied  by  luminosity.  These  two  senses  we  might  group 
together  as  the  etheric  senses.  So  regarded,  die  six  senses  may 
he  thus  arranged  : — 

,,  1  T^         -1  f  Tactile — Touch. 

Molar  or  Dynamical  senses  ,        .   |  Acoustic-Hearing. 

Molecular  or  Chemical  senses        .   { ^^fa ^ii^S^^^^ 

Intermolecular  or  Etheric  senses    .   <  Photi  J— sicht 

By  means  of  these  senses,  all  our  knowledge  of  the  matter 
and  enenjy  of  external  nature,  is  obtained,  and  all  our  psychical 
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t'li'iiltlc's  nro  cnllod  into  action.  In  tlic  absence  of  the  inof*! 
iinp«)rtant  scnsrs,  iiidi-pd,  man  sinks  ink'lliH^tiially  below  manr 
;:ii:iiials.  Tin 'so  six  scnsi's  nocL'.s»:irily  ooiTCSpond  with  thf« 
j.rDiH'itiop  ami  actions,  physical,  chemical,  and  material,  of  ihi* 
\\nr\i\  an-und  ns,  Avliich  aro  cof^nisablo  by  us,  ami  the  effect-'i 
<)!'  wliirh,  C(»!nmnnicat<.-d  to  s|M_'cial  rcci])icnt  surliicos,  mu>i 
jinuliicc,  tlinniiLdi  s[)ccial  mediating  and  translating^  apjviratu?. 
(■(.iTcsjuiTidinir  clian;.'-»'s  in  tho  norvons  substance.  It  is  new 
•r.MK 'rally  biiliL'Vcd,  tliat  all  the  energic  phenomena,  or  manifcst- 
ati.iiis  of  foiiM'  in  nature,  are  correlated,  or,  as  it  were,  ca]>aV':<' 
(•f  transli.rmation  into  each  (»ther :  mechanical  motion  pro- 
dining  heat;  heat,  ciicmical  action  ;  both  in  their  turn,  light, 
and  so  on;  so  that,  according  to  this  view,  the  photic,  thonuic. 
clMniical,  and  meclianical  stimuli  in  nature,  are  all  correlate!. 
In  tlie  Kime  way,  is  it  not  j)robablo  that,  to  receive,  n-art 
airriinst,  and  frel,  these  various  fornis  of  correlated  stimuli, 
tli'Tr  may  exist  in  the  nervons  system,  but  one  common  func- 
tional excitahility,  or  one  common  and  esst^ntial  nervous  encrg\'. 
t(^  l)e'  ex<'ited  by  thcs(?  stinudi ;  and  if  all  active  physical  effect- 
avr  to  be  tracer!  to  (liiU-rent  modes  of  motion,  in  the  molecuh^ 
or  inteimolccidar  ethrr,  in  external,  dead,  von-vcrams  matter, 
ni:iy  not  a!!  nervons  action,  concerned  in  sensfition,  likewisv 
df  ]j«.-nd  upon  diiK-nMit  molecular  and  ititerniulecular  modes  of 
reaction,  In  httenjal,  living,  rteri^min  matter? 
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"which  may  be  unperceived,  only  because  they  are  impercep- 
tible to  us.  But  the  mind  naturally  inclines  to  a  belief  in 
a  certain  completeness  in  the  series  of  our  senses,  and  in  the 
harmony  established  between  them  and  the  modes  of  action 
of  the  common  energy  of  external  nature.  Moreover,  there  is 
reason  to  believe,  that  the  nervoiis  energy  manifested  in  nervous 
reaction,  is  itself  correlated  with  that  common  force. 

With  regard  to  the  possibility  of  the  possession  of  additional  external 
senses  by  animals  (for  no  one  believes  them  to  possess  additional  internal 
senses),  it  may  be  stated,  that  this  is  a  question  beyond  our  moans  of 
investigation.  However,  as  a  conclusion,  based  on  general  considerations, 
Man  being  undeniably  the  most  highly  organised  creature  on  the  earth, 
it  is  highly  improbable  that  the  nervous  systems  of  any  of  the  animals 
lower  than  himself,  are  endowed  with  special  sensorial  powers,  enabling 
them  to  recognise  modes  of  action  of  the  common  force  of  nature,  which 
pass  undetected  by  him,  because  they  are  inoperative  upon  his  sensorial 
ncnoiis  substance.  Man  probably  is  endowed  with  every  kind  of  sen- 
sation poss(>»sed  by  animals,  though  each  special  sense  may,  in  certain 
animals,  be  more  highly  developed.  In  the  warm-blooded  Vertebrata,  the 
same  senses  undoubtedly  exist,  as  in  Man,  though  modified  in  acutenesB 
in  different  instances.  In  the  cold-blooded  Vertebrata,  especially  in 
Amphibia  and  Fishes,  the  low  temperature  of  the  body  would  seem 
incompatible  with  so  high  a  grade  of  sensibility  as  exists  in  the  warm- 
blooded sjH  cies,  unless,  indeed,  their  nervous  substance  be  diflferently 
endowed.  The  influence  of  a  low  temperature  is  probably  more  felt  in 
regard  to  common  sensibility,  touch,  taste,  and  smell,  than  in  hearing 
and  sight,  which,  so  far  as  the  structure  of  their  recipient  organs,  the 
ear  and  the  lye.'will  permit,  may  be  very  acute  in  these  animals.  Still 
lower  in  the  animal  series,  as  in  the  aquatic  Mollusca,  the  similarity  of 
tcmpemtnre  between  the  body  and  the  external  medium,  and  the  simplifi- 
cation of  tin*  senjiory  apparatus,  are  doubtles.**  associated  with  a  further 
diminution  of  activity  in  the  function  of  sensation.  In  the  Molluscoida, 
spt'ciol  sensation  is  probably  almost  entirely  replaced  by  common  sensi- 
bility. In  thu  Annulose  animals,  those  in  which  the  temperature  is  com- 
paratively high,  viz.,  the  Insects,  probably  eiy'oy,  not  only  greater  special 
sensibility,  particularly  as  regards  sight,  but  also  a  more  acute  common 
sensibility  than  the  colder  aquatic  Annulosa,  such  as  the  Crustacea  and 
Annelida.  In  these  animals,  movements  excited  by  external  irritation, 
by  no  mejins  imply  the  acuteness  of  sensibility  which  is  generally  sup- 
pose<l.  In  the  Annnloid  animals,  and  also  in  the  Cojlenterata,  special 
sensibility  can  only  be  feebly  manifested  by  those  few  species  which 
possess  simple  ocular  spots,  and  the  so-called  auditory  sacs ;  whilst  their 
common  sensibility  must  be  extremely  feeble.  In  the  Protozoa,  sensibility 
to  light,  or  tlie  warmth  which  accompanies  it,  is  noticeable,  in  the  In- 
fusoria ;  but  in  regard  to  any  other  sensation,  there  is  no  distinct  evi- 
dence of  its  pnsence  in  these  the  lowest  animals. 

In  conclusion,  it  may  be  added,  that  in  no  animal,  are  actions  or 
movements  observed,  which  require,  for  their  explanation,  the  supposition 
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of  the  existence  of  any  additional  sense ;  so  that,  not  only  are  we  unable, 
from  the  niiture  of  things,  to  prove  the  existence  of  additional  senses  in 
animals,  but  their  behaviour  does  not  justify  the  inference,  that  such 
senses  are  present  in  them. 

The  utility  of  each  sense  is  very  greatly  enhanced  by  the 
numerous  qualitative  sensations,  which  we  are  enabled  to  ex- 
perience through  it ;  such,  for  example,  as  the  almost  endless 
distinctions  of  light  and  sliadow,  colour  and  hue,  force,  pitch 
and  timbre  of  sound,  and  the  numerous  varieties  of  odours 
and  tastes.  The  qualities  of  sensation  perceived  through  the 
same  sense,  are,  indeed,  most  diverse.  The  causes  of  the 
qualitative  differences  of  colour  and  of  soimd,  are  closely  re- 
lated, being,  in  both,  dependent  on  definite  numerical  relations 
between  the  numbers  of  the  luminous  or  sonorous  undulations ; 
but,  as  regards  smell  and  taste,  no  such  relations  have  yet  been 
established. 

Pain. 

When  any  of  these  external  senses,  or  senses  responding  to 
external  causes,  are  imduly  excited  by  their  proper  stimuli 
highly  intensified,  pain  is  the  result,  as  is  shown  by  the  effect 
of  gazing  at  the  sun,  or  at  any  other  extremely  vivid  light, 
especially  if  long  continued,  and  also  by  the  effects  of  shrill, 
loud,  and  grating  noises ;  but  the  pain,  in  each  of  these  cases, 
is  peculiar.  That  which  is  caused  by  acrid  smells,  very  pungent 
tastes,  the  action  of  irritants  on  the  naked  cutis  after  blisters, 
the  pressure  of  sharp  points  or  heavy  weights,  and  by  bodies  in 
rapid  motion,  in  the  organs  of  smell,  taste,  and  touch,  is  due  to 
excessive  stimulation  of  the  common  sensibility.  The  occur- 
rence of  pain,  fi-om  the  over-excitement  of  the  special  senses, 
indicates  their  relation  to  this  common  sensibility.  It  is  said, 
however,  that  powerful  mechanical  stimulation  of  theoptic  nerve, 
causes  no  piiu,  but  intense  luminous  sensations ;  this  is  pro- 
bably dependent  on  the  still  existing  connection  of  the  nerve 
with  at  least  one  eyeball.  But  it  is  the  common  sensibihty 
which  is  ordinarily  excited  in  the  feeling  of  pain.  Such  pain  is 
not  merely  an  intensified  normal  sensation  ;  for  very  hot  bodies 
cause  a  painful,  and  not  an  exalted  thermal  sensation.  The 
common  sensibility  is  also  actively  concerned  in  those  various 
sensations  which  inform  us  of  the  conditions  of  the  nervous 
centres,  produced,  not  by  external  stimuh,  giving  us  a  know- 
ledge of  external  objects  and  forces,  but  by  internal  states  of 
the  organism ;  for  these  so-called  inteimal  sensations^  some  of 
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which  are  pleasurable  and  some  poinAil,  seem  to  be  distinct 
modifications  of  common  sensation. 


Internal  or  Corporeal  Sensatimis, 

These  internal  sensations^  though  dependent,  as  just  stated, 
on  conditions  of  the  nervous  system,  are,  like  the  external  sensa- 
tions, usually  referred  to  special  seats,  that  is,  to  certain  tissues 
or  organs  of  the  body,  and  hence  may  be  called  corporeal. 
Some  are  referred  to  the  organs  of  animal  life,  and  others  to 
the  organs  of  vegetative  life. 

Of  the  former,  the  muscular  sensations  are  the  most  im- 
portant ;  the  sensation  of  resistance  within  the  joints,  is  also 
very  evident.  The  internal  sensations  proper  to  the  states  of 
the  nervous  system,  or  the  nervous  internal  sensations,  are 
those  of  pain  generally,  especially  of  neuralgic  pains,  sensations 
of  vertigo,  torpor,  drowsiness,  mental  fatigue,  nervous  exhaus- 
tion or  shock,  and  irresistible  tendency  to  sleep. 

The  muscular  sensations  are  those  of  uncomfortableness, 
restlessness,  muscular  languor,  faintness,  lassitude,  heaviness, 
fatigue,  weariness,  as  shown  in  the  heavy  felling  eyelids  and 
bodily  exhaustion  which  precede  sleep,  intermittent  spasm 
and  cramp,  and  the  feelings  of  general  h«ilth,  buoyancy,  bodily 
energy,  and  capacity  for  corporeal  work.  It  is  also  by  a  similar 
class  of  sensations,  which,  less  vague  in  their  seat,  are  known 
under  the  collective  name  of  the  muscular  sense,  that  we 
become  conscious  of  the  degree  of  effort  made,  or  of  the 
resistance  met  with  and  overcome,  in  regulating  the  amount  of 
force  employed  in  all  the  muscular  movements  of  the  body, 
such  as  Hfling  or  moving  weights,  resisting  external  forces, 
balancing  the  body  in  walking,  moving  the  arms  in  the  per- 
formance of  prehensile  and  manipulative  acts,  and  exercising 
the  organs  of  voice  and  speech.  When  this  sense  is  lost  in 
certiiin  muscles,  their  actions  can  no  longer  be  regulated,  or 
even  commanded,  except  through  the  agency  of  the  sight 
(page  3G3).  On  board  a  ship  in  a  rolling  sea,  the  muscular 
sense  is  called  into  unusual  activity  to  neutralise  the  effect  of 
the  motions  of  the  vessel,  which  disturb  the  equilibrium  of 
the  body  ;  on  returning  to  land,  the  compensatory  movements 
rendered  necessary  at  sea,  continue  for  a  time. 

To  this  sense,  moreover,  we  owe  our  feeling  of  the  stability 
of  position  of  the  body,  in  sitting  or  in  standing;  when  it  is 
wanting,  vertigo  or  giddiness  ensues,   caused  by  a  loss  of 
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thf  si'iiso  of  equilibrium,  juid  accompanied  by  stag-gcring  efforts 
at  rtr.ovory  of  jK^sitioii,  or  by  lalling.  Vertigo  inaj  be  iiro- 
(hi«'««l  by  ra])iil  rotjili-ry  movomeiits  of  the  body,  ^dieiher 
artivo  or  jiassivo;  also  l>y  the  long  maintenance  of  the 
horiziuital  ]M)si.nro,  l>y  various  disi^ascs,  by  uijurios  of  the 
h«'a'l,  and  by  niany  medicinal  agents.  Tliough  luiinifesioo 
by.  and  referred  to,  muKcular  actions,  its  real  cause  is  somu 
disturbance  in  the  nervous  centres,  which  govern  and  co-or- 
diiiaie  these  movements. 

Our  notions  of  s])ace  and  distance,  are  also  derived,  or  de- 
ibuHMl  as  infereneeSj  iVom  the  exercise  of  the  muscular  sense, 
"which  enables  us  to  determine  the  precise  ix>sition  of  the 
b(>«]y,  Avhen  at  rest,  or  in  motion  through  space.  The  re- 
lative positions  of  external  lH)dies,  whether  these  be  at  rest  or 
in  motion,  are  also  determined  by  reference  to  llie  fixed  or 
moveable  state  of  our  own  bodies.  If  we  are  at  rest,  movirg 
ol'joets  appear  to  us  to  move,  and  stationary  ones  to  be  tixtd. 
r>iit  if,  being  at  rest,  wi^  imagine  oiurselves,  tJirough  a  disturV- 
aiice  of  the  muscular  sense,  to  be  in  motion,  or  if  we  i^erlbrai 
irre.LTular  and  (erroneously  estimated  movements,  tlien  external 
obj'.'cts  seem  to  move  accordingly  ;  on  the  contrary,  the  niovi- 
ineiits  of  outward  objects  may,  alVcr  a  time,  seem  to  deT>end  on 
m<)tir)n  in  our  own  b»)dies.  In  th(^f(.)rmer  cjise,  we  refer  a  bodilv 
condition  of  movement  to  the  outer  world  ;  in  the  latter,  move- 
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seems  improbable,  for  when  it  is  lost  in  any  particular  muscle 
or  muscles,  the  common  sensibility  disappears  with  it ;  hence, 
it  has  been  regarded  as  only  a  modification  of  this  common 
sensibility. 

The  internal  sensations  dependent  on  states  of  the  organs  of 
vegetative  life,  are  exceedingly  varied,  in  accordance  with  the 
number  and  variety  of  those  organs  themselves.  Many  of 
them  must  be  produced  by  impressions  made  on  the  ultimate 
ramifications  of  the  sympathetic  nerve,  or  of  branches  of  the 
cerebro- spinal  nerves  which  are  associated  with  these  in  their 
distribution.  They  are  chiefly  referable,  either  to  the  digestive 
organs,  the  organs  of  circulation,  or  the  respiratory  organs. 

Tlie  internal  sensations  connected  with  the  digestive  systemy 
are  thirst,  hunger,  satiety,  and  nausea.  Thirst  is  principally 
a  local  sensation,  being  chiefly  referred  to  part  of  the  tongue 
and  palate  ;  but  it  is  evidently  dependent  upon  a  general  state, 
for  it  may  be  distinguished  from  mere  dr}Tiess  of  the  mouth 
and  fauces.  This  latter  condition,  which  is  produced  by 
sleej^ing  Avith  the  mouth  open,  is  quickly  relieved  by  shutting 
it,  or,  at  most,  by  merely  moistening  the  mouth  with  water, 
and  immediately  emptying  that  cavity.  True  thirst  is  not  so 
relieved,  but  only  by  copious  drinking,  or  by  continued  im- 
mersion of  the  body  in  water,  even  tliough  this  be  salt.  The 
general  condition  on  which  thirst  immediately  depends,  appears 
to  be  a  deficiency  of  water  in  the  blood ;  and  as  the  blood  is 
the  source  of  all  the  secretions,  these  are  everywhere  dimi- 
nished, and  those  of  the  fauces  and  mouth  are  necessarily 
deficient.  An  additional  cause  of  dryness  in  the  throat  espe- 
cially, is,  that  its  surface  is  momentarily  exposed  to  evapo- 
ration in  the  respiratory  act,  so  that  thirst  is  consequently 
localised  in  the  fauces.  The  sense  of  drjmess  of  those  parts,  is 
comuiunicated  to  the  sensorium,  by  impressions  convey ed  ?iloDg 
the  fiitli,  the  glossopharyngeal,  and  the  pneumogastric  nerves, 
the  two  latter  of  which  are  probably  more  sensitive  than  other 
nerves,  to  the  condition  of  dryness.  Not  only  the  want  of 
water  in  the  blood,  produces  this  feeling,  but  the  excess  of 
saline  matter  will  likewise  cause  it,  as  is  noticed  after  taking 
much  common  sidt  with  the  food,  drinking  salt  water,  or  even 
taking  draughts  of  neutral  vegetable  salts,  such  as  seidlitz 
pjowdiTs.  It  is  also  produced  by  hot  condiments,  and  by  strong 
alcoholic  beveniges.  It  is  particularly  and  distressingly 
noticeable  in  cases  of  hemorrhage  aft«r  gun-shot  wounds  or 
other  extensive  injiuries,  and  in  all  cases  of  fever.     The  in- 
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tense  thirst  experienced  by  shipwrecked  sailors,  and  by 
criminals  subjected  to  the  torture  of  thirst,  is  accompaDied  by 
burning  pains  and  sufferings,  more  difficult  to  bear  even  than 
those  induced  by  prolonged  starvation,  and  ending  in  delirium 
and  mania.  Thirst  is  more  immediately  and  successfully 
quenched  by  water  than  by  any  other  fluid.  It  is  water  which 
ike  system  absorbs  from  the  blood,  in  thirst,  the  tissues,  as  well 
as  the  secretions,  requiring  it;  and  the  introduction  or  im- 
bibition of  this  fluid,  is  the  natural  remedy  for  this  sensation. 
The  sensations  of  appetite  and  hunger,  the  former  of  which 
is  pleasant,  and  the  latter  painful,  are  by  some  regarded  as 
chiefly  muscular  sensations.  They  are  referred  to  the  stomach, 
in  the  same  way  as  thirst  is  referred  to  the  mouth ;  but,  like 
the  latter  sensation,  they  would  seem  to  depend  on  a  general 
condition  of  the  system,  and  perhaps  essentially  on  some  state 
of  the  blood.  The  muscles  of  mastication  are  said  to  par- 
ticipate in  the  sensation  of  appetite  ;  and  a  flow  of  saliva  is 
excited  by  it.  It  may  be  supposed  that  the  nerves  of  the 
stomach  convey  the  sensations  proper  to  that  state  of  the 
system  induced  by  fasting,  more  readily  than  the  nerves  of  any 
other  part  of  the  body.  Several  theories  have  been  suggested, 
to  explain  the  gnawing  feeling  of  hunger,  which  is  even  more 
decidedly  felt  in  the  stomach,  than  appetite.  Some  physiologists, 
offering  a  mechanical  explanation,  have  thought  that  it  is  owing 
to  the  rubbing  together  of  the  sides  of  the  empty  stomach ; 
but  this  explanation  is  opposed  to  the  facts,  that  the  stomach 
may  be  empty,  without  hunger  being  felt,  and  that,  in  the 
fasting  condition,  when  hunger  is  experienced,  the  walls  of 
the  stomach  are  quiescent.  As  a  chemical  theory  of  the 
cause  of  hunger,  it  has  been  suggested,  that  it  depends  on 
irritation  excited  by  unused  gastric  juice;  but  no  gastric  juice 
is  secreted  during  fasting.  A  physiological  explanation  con- 
sists in  supposing  that  the  feeling  of  hunger  is  owing  to  a 
turgescence  of  the  blood  vessels  of  the  mucous  membrane  of 
the  stomach ;  but  this  membrane  is  pale  when  the  stomach  is 
empty;  indeed,  the  secretion  of  gastric  juice  takes  place  rapidly, 
and  the  membrane  then  suddenly  becomes  red.  That  the 
sensation  of  hunger  depends  partly  on  some  condition  of  the 
stomach  itself,  is  shown  by  the  fact,  that  it  may  be  allayed  by 
the  introduction  into  that  cavity  of  almost,  or  perfectly,  in- 
digestible substances,  such  as  sawdust,  or  clay;  even  when 
the  stomach  is  filled  with  digestible  substances,  the  feeling  of 
hunger  is  relieved,  before  any  material  quantity  of  digested  food 
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can  have  been  absorbed.  Hunger  is  not,  however,  so  speedily 
relieved  as  thirst.  On  the  other  hand,  that  it  depends  mainlj 
on  a  peculiar  condition  of  the  system,  is  shown  by  the  expe- 
riments of  injecting  nutrient  substances,  in  the  form  of  enemata, 
or  into  the  blood  itself,  either  of  which  is  followed  by  a  cessation 
of  the  feeling  of  himger.  The  nerves  distributed  to  the 
stomach,  which  are  concerned  in  this  sensation,  must  either 
be  derived  from  the  pneumogastric,  or  from  the  sympathetic 
nerve;  but  the  latter,  it  must  be  remembered,  contains  fibres 
derived  from  the  cerebro-spinal  system.  It  has  been  shown 
that  the  sense  of  himger,  as  manifested  by  the  desire  of 
animals  for  food,  is  not  permanently  destroyed,  but  merely 
diminished,  aller  division  of  the  pneumogastric  nerves  (Reid 
and  Bernard)  ;  but  whether  the  persistence  of  huDger,  is  owing 
to  the  subsequent  reunion  of  those  nerves,  or  to  die  action  of 
tlie  still  uninjured  sympathetic  branches,  is  not  known.  The 
sensation  of  satiety  is  said  to  persist  in  animals,  as  evidenced 
by  their  conduct,  even  afler  division  of  the  pneumogastric 
nerves ;  but  the  experiments  on  this  point  are  not  satisfactory. 
The  final  cause  of  the  sensation  of  hunger,  not  only  in  animals, 
but  in  man,  is  to  impel  them  to  seek  for  the  food  absolutely 
necessary  to  sustain  life ;  and  indirectly,  hunger  may  be  said 
to  stimulate  men,  in  an  uncivilised  state,  to  the  chase,  or  to 
mutual  conflict,  and,  in  civilised  society,  to  the  exercise  of  their 
intellect  and  bodies,  in  industrial  and  other  occupations. 

The  progress  from  fasting  to  starvation^  is  at  first  accom- 
panied by  an  exaggeration  of  the  sensation  of  hunger  to  a 
ravenous  craving  after  food ;  but  afler  a  time,  if  imsatisfied, 
this  sensiition  passes  off,  a  condition  of  indifference  to  food 
supenenes,  and  no  further  sensation  of  appetite  is  expe- 
rienced, extreme  prostration  and  diminution  of  sensibility 
setting  in,  and  ending  in  delirium  and  death. 

Another  sensjition,  chiefly  referred  to  the  stomach,  is  tliat  of 
nausea  J  which,  however,  is  oflen  accompanied  by  distressing 
sensations  about  the  j)harynx  and  palate,  and  by  general  sen- 
sations of  depression,  sinking  at  the  precordia  or  pit  of  the 
stomach,  and  a  lowering  of  the  heart's  action.  It  is  said  to  be 
a  muscular  st'nsation  (Weber),  though  formerly  it  was  regarded 
as  a  modified  gustatory  sensation.  It  may  be  produced  in 
many  ways,  as,  by  irritation  of  tlie  stomach,  indigestion,  im- 
proj)er  (juality  or  quantity  of  the  food  or  drink,  or  by  emetic 
medicines  introduced  either  into  the  stomach,  or  the  lower  part 
of  the  alimentary  canal,  or  injected  beneath  the  skin,  so  that 
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they  can  be  absorbed  into  the  blood,  or  even  by  the  injection 
of  such  substances  directly  into  the  blood  vessels.  Nausea  may 
also  be  induced  through  ihe  nervous  system,  as  a  reflex  pheno- 
menon, by  tickling  the  fauces,  or  by  the  inhalation  of  chloro- 
form (through  its  action  on  the  brain),  by  odours  or  tastes, 
by  the  motion  of  vessels  at  sea,  by  severe  pain,  by  concussion 
or  diseases  of  the  brain,  by  conditions  of  the  blood  in  the 
early  stages  of  fever,  by  ihe  sympathetic  effect  of  various 
diseases,  by  general  shock  from  severe  injuries,  especially 
from  blows  over  the  great  solar  plexus,  and  even  by  mental 
causes.  It  is  certain,  therefore,  that  this  sensation  of  nausea, 
or  sickness,  though  referred  to  the  stomach,  must  depend, 
sometimes,  at  least,  upon  general  conditions  of  the  system. 
The  movement  excited  by  the  condition  of  nausea  or  sickness, 
named  vomiting^  will  be  mentioned  after  the  description  of  the 
movements  of  the  stomach,  in  the  Section  on  Digestion. 

The  internal  sensations  associated  with  the  circulating  st/stem, 
are  fewer  than  those  connected  with  the  digestive  organs,  at 
least  in  a  state  of  health,  in  which  not  even  the  powerful  and 
incessant  action  of  the  heart  is  perceived  by  the  mind.  Were 
it  otherwise,  the  amoimt  of  attention  given  by  the  mind  to 
such  internal  sensations,  would  occupy  it,  so  as  to  interfere 
with  its  perception  of  external  phenomena.  In  weak  condi- 
tions of  health,  in  sudden  excitement,  and  in  certain  diseases, 
however,  the  sensation  of  palpitation  of  the  heart  is  not  im- 
common.  The  sensation  of  fluttering  at  the  pit  of  the  stomach 
is  usually  not  cardiac,  but  either  diaphragmatic  or  gastric. 
Heart bwn  is  also  erroneously  named;  for  it  is  a  gastric 
sensation,  dependent  on  the  accumulation  of  acid,  or  other 
acrid  fluid  in  the  stomach.  In  morbid  conditions,  actual 
pain  is  felt  in  the  heart;  and,  in  mental  states,  a  sense  of 
weariness  is  referred  to  that  region.  Morbid  sensations  of 
heat  or  chilliness  along  the  veins,  or  in  the  blood,  as  such 
feelings  are  termed,  are  probably  owing  to  conditions,  not  of 
the  vessels  or  blood,  but  of  the  nerves  of  common  sensation, 
especially  of  those  of  the  skin. 

Of  the  internal  sensations  connected  with  the  respiratory 
organs,  by  far  the  most  powerful  is  that  known  under  the 
name  of  the  feeling  of  want  of  breath.  It  is  this  which  creates 
an  irresistible  desire  to  inhale  air,  and  an  uncontrollable  in- 
voluntary effort  to  inspire.  Its  final  cause  is  undoubtedly  to 
maintJiin  life,  which  is  so  immediately  dependent  upon  the 
continuance  of  the  respiratory  function.     It  is  difficult  to  de- 
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termino  the  precise  scat  to  which  this  sensation  is  referred ; 
but  it  is  chiefly  located  in  the  larynx  and  neighbouring  parts  of 
the  throat,  and  also  in  the  anterior  part  of  the  chest  and  pre- 
cordia,  opposite  the  level  of  the  diaphragm ;  it  is  probably,  in 
great  part,  a  muscular  sensation.  Its  cause  is,  however, 
general,  and  perhaps  depends  on  the  prenence  of  an  undue 
quantity  of  carbonic  acid  in  the  blood,  which,  reaching  the 
nervous  centres  concerned  in  receiving  impressions  from  the 
respiratory  organs,  and  in  governing  the  respiratory  move- 
ments, at  once  excites  the  sensation  of  distress,  and  the  invo- 
luntary impulse  to  inspire,  which  is  best  calculated  to  relieve 
it.  The  sensation  of  want  of  breath  is  named  apncea.  Diffi- 
culty of  breathing  is  named  dyapiwea^  an  embarrassing  sensation 
also  referred  to  the  larynx,  throat,  and  chest.  These  condi- 
tions may  be  produced  by  diminution  in  the  number  and 
depth  of  the  respirations,  by  breathing  a  vitiated  atmosphere, 
by  obstacles  to  the  introduction  of  fresh  air  into  the  lungs,  as 
in  asthma  and  oedema  of  the  larynx,  by  diminution  of  the 
respiratory  surfece,  as  the  residt  of  disease,  and  by  defective 
action  of  the  blood  as  a  conveyer  of  oxygen. 

Witli  regard  to  the  muscuL'ir  sensations  of  tlie  contractile 
organs  employed  in  the  functions  of  digestion,  circulation,  and 
respiration,  it  is  remarkable  that  the  respiratory  muscleSy 
although  they  are  identical  in  structure  with  the  rest  of  the 
voluntiiry  muscles,  and  are  themselves  subject  to  the  will,  and, 
tlioiigh  they  are  constantly  in  action  during  the  whole  of  life, 
yet  do  not  habitually,  and  in  healthy  conditions,  convey  the  sense 
of  fatigue  to  the  mind.  As  regards  the  heartj  no  direct  sense 
of  fatigue  in  its  muscular  walls,  is  experienced.  So  also,  the 
movements  of  the  stomach  and  intestines  are  usually  unper- 
ceived.  In  inflammation  of  any  of  the  parts  just  considered, 
as  of  the  intercostal  nmscles,  the  diaphi-agm,  the  heart,  and  the 
alimentary  canal,  acute  pain,  spasm,  or  cramp,  is  not  un- 
common. 

The  organs  of  vegetative  life  are,  it  would  seem,  in  health, 
possessed  of  little  or  no  sensibility ;  but  when  irritated,  in- 
flamed, or  orgjmically  diseased,  they  become  more  or  less 
acutely  sensitive ;  just  as  the  common  sensibility,  and  even 
the  special  sensibility,  manifested  by  the  organs  of  anhnal  life, 
may,  when  unduly  exalted,  give  rise  to  pain.  Pain  is  a 
necessary  consequence  of  sensibility ;  and  almost  every  tissue  or 
orgim,  when  inflamed,  gives  rise  to  a  peculiar  pain.  Painful 
seusatioDs,  however,  are  frequently  not  precise.     They   are 
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often  eiToneonilj  local  i^,  especially  in  eases  of  i 
parts  not  ordinarily  &€nsitive,  Tlie  mdiation  of  severe  1 
ia  a  familiar  fact;  and  the  irrfitliated  pains  are  often  Ttm 
eevere  than  tliojie  in  the  eeiit  of  Uie  jwimnry  irritation  ;  for  til 
latter  may  oven  cease,  from  exhaustnon  of  tlio  nenres.  Paiaxi 
renders  nerres  incapable  of  re-action  under  normal  stimuli, 
PauQ  is  as  otd  in  the  world,  as  the  existence  of  a  wenm 
nervous  apparatus ;  the  gift  of  senaibillty  is  ueocssarilT  uoom 
panied  by  a  liability  to  jmiii-  Tbe  tension  of  the  nerroiii  mm, 
connected  witli  feeling,  i%  as  it  were,  adapr«d  to  certai 
rangei  of  alxength  in  tbe  stimidi  which  excite  songation ;  id 
Buch  an  adaptation  necessarily  implies  that  when  the  luniti  i 
agreeable  etimuljLtion  are  exceeded,  jiain  is  the  resiiH,  Accent 
ing  to  ibis  Tiew,  pain  m  a  Decessary  evil,  under  the  existing  it 
lations  between  the  nervous  system  and  external  agencies,  Bu 
happily,  pain  itself  cannot  be  eon ceired  by  the  iinaf^inatioa^iKi 
iTcalled  by  any  effort  of  the  memory,  and  is,  for  the  most  MP 
trauaitory;  Considered  teleologically,  pain  has  a  bendrosi 
action,  BUrpaseing  tliat  of  pk-asure,  which  may^  throngh  tm 
COD  trolled  appetite  and  de-si  re^  lead  to  the  undue  uae  tliati 
to  dje  abuse,  of  tlte  various  functions*  Pain,  luoreavcr  i 
conservative,  Ruggesting  the  necessity  for  modt^ratiun  am 
cautioiH  in  the  exercise  of  the  functions,  both  of  animal  ant 
vegetative  life.     Fain  alao  in  preventative,  cre^tin^  jt  fy^lm 
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that  suffering  by  narcotic  and  anssthetic  agents,  such  aa 
henbanef  opium,  ether,  or  chloroform,  ordinanly  necessitates 
the  co-operation  of  substances  derived  directly,  or  indirectly, 
from  the  vegetable  kingdom. 

THE   SENSE   OF   TOUCH. 

The  Organ  of  Touch. 

The  skin  is  the  principal  part  of  the  body  concerned  in  the 
sense  of  touch,  but  the  tongue  and  lips  also  possess  this  sense. 
The  nails  and  hairs  are  appendages  of  the  skin,  and  often 
minister  to  the  sense  of  touch.  The  skin  is  further  provided 
vrith  sebaceous  and  sudoriferous  glands.  It  constitutes  a 
protecting  covering  to  tlie  whole  body,  and  is  known  as  the 
common  inU(piment, 

The  skin  consists  of  an  external  or  superficial  layer,  des- 
titute of  blood  vessels  and  nerves,  named  the  cuticle,  fig.  66, 
1,  S2 ;  and  of  an  internal  or  deeper  layer,  abundantly  supplied 
with  nerves,  and  highly  vasculw",  known  as  the  cutis  vera  or 
tnte  i*kift,  3.  These  two  layers,  though  separable,  are  closely 
adlu^rent. 

The  skin  is  thicker  on  the  back  than  on  the  front  of  the 
})()dy,  tliicker  on  the  outer  than  on  the  inner  surfiice  of  the 
limits,  thicker  still  in  the  palms  of  the  hands — but  thickest  of 
all  in  the  soles  of  the  feet.  It  is  very  thin  on  the  eyelids,  in 
the  tube  of  the  eiir,  and  on  the  red  borders  of  the  lips,  where 
it  becomes  continuous  with  the  mucous  membrane  of  the 
mouth.  The  surface  of  the  skin  is  marked  with  fine  in- 
tersecting lines  or  furrows,  which  divide  it  into  minute 
angular  spaces ;  these  are  large  opposite  the  foldings  of  the 
joints.  On  the  soles  and  pilms,  and  especially  on  the  toes 
and  lingers,  the  skin  is  elevated  into  little  ridges,  usually 
])arallei  to  one  another,  which  sweep  over  the  surface  in 
curved  lines,  fig.  65 ;  they  correspond  Avith  rows  of  the 
vascular  eminences  belonging  to  the  true  skin,  named  the 
papilla?. 

The  cuticle,  also  called  the  epidermis  (tiri,  upon,  and  Cipfia, 
tlie  skin),  is  made  up  of  superimposed  layers  of  nucleated 
epidermoid  cells.  (See  p.  72,  fig.  43.)  The  superficial  cells, 
figs.  (;<>,  (>7,  1,  are  flattened,  dry,  and  transparent,  and  firmly 
held  together,  assuming  at  the  surface,  the  form  of  thin, 
colierent,  horny  scales;  the  cells  in  the  deeper  layers,  2,  2, 
resting  on  the  cutis,  are  soil,  roundish,  or  compressed,  and 
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easily  separated  from  each  other ;  this  deeper  layer  is  known 
as  the  rete  mucosum  ofMalpighi,  or,  sometimes,  lus  the  Malpi^ 
ghian  layery  or  the  mucoua  layer*  The  colour  of  the  skin 
in  the  dark  races,  is  due  to  the  presence  of  pigment,  chiefly 
found  in  the  form  of  coloured  granules,  usually  situated  in 
certain  of  the  epidermoid  cells.  These  granules  are  fewer 
near  the  sur&ce  of  the  cuticle,  where  the  flattened  scales  are 

Fig.  65. 


Fig.  6S.  Portion  of  the  skin  fW>m  the  end  of  the  thumb,  slightly  magnified, 
showing  the  curved  ridges  and  intermediate  fUrrows.  Upon  the  ridges, 
are  seen  the  orifices  of  the  ducts  of  the  sweat  glands. 

paler.  The  colour  of  the  skin  is,  therefore,  chiefly  seated  in 
the  rete  mucosimi  of  the  cuticle ;  the  true  skin,  in  the  dark 
races  of  Men,  has  the  same  colour  as  that  of  the  European. 

It  is  the  non-vascular  cuticle  which,  owing  to  the  exudation 
of  a  fluid  between  it  and  the  vascular  cutis,  forms  the  blebs  or 
bull®  seen  in  certain  skin  diseases,  and  after  bums,  scalds, 
or  the  application  of  blisters.  On  separating  the  cuticle  from 
the  cutis,  ailer  death,  when  some  decomposition  has  taken 
place,  the  under  surface  of  the  former  is  foimd  to  be  accurately 
moulded  to  the  upper  surface  of  the  cutis,  closely  following 
all  the  flexures,  markings,  and  ridges  of  the  skin,  which  are 
really  formed  in  the  cutis ;  it  further  presents  numerous  small 
pitfi  or  depressions,  which  receive  the  conical  projections  of  the 
cutaneous  papillae.  A  prolongation  of  the  cuticle  lines  the 
sides  of  the  hair  follicles,  and  die  glands  of  the  akin. 

In  the  palms  and  soles,  where  the  entire  skin  is  thickest, 
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the  cuticle  measures  about  -j^th  of  an  inch ;  in  other  parts, 
where  the  skin  is  very  thin,  it  is  not  more  than  ^^^yth  of  an 
inch  in  thickness.  In  the  palms  and  soles,  it  grows  thicker, 
from  the  effects  of  hard  work  and  pressure.  The  greater  thick- 
ness of  the  whoJe  skin,  in  some  situations,  as  in  the  hands  and 
feet,  cannot,  howerer,  be  solely  attributed  to  the  effects  of 
external  influences,  for  the  skin  of  these  parts  is  thickest,  even 

Fig.  «6. 


Fine.  «6.  Vertical  section  of  a  portion  of  the  skhi  of  the  finger,  made  acrou 
three  of  the  curred  ridges,  shown  in  fig.  65,  magnified  about  20  dia- 
meters ;  1,  section  of  the  dry  part  of  the  epidermis.  2,  Section  of  the 
»oft,  mucous,  or  Malpighian  rete  mucosum,  the  chief  seat  of  the  colour- 
ing matter  in  the  dark  races.  3,  Section  of  the  cutis  or  derma,  gradually 
becoming  more  areolar,  until  it  joins  the  subcutaneous  areolar  adipose 
tissue.  4,  Elevations  of  the  upper  compact  portion  of  the  cutis,  named  the 
papillne,  placed  in  rows  across  the  ridges  just  mentioned.  5,  Coiled 
tubuli  of  the  sudoriferous,  or  sweat  glands,  lying  near  or  in  the  areolar 
subcutaneous  tissue.  6,  Long  duct  of  one  of  these  glands,  forming  a 
waved  line  through  the  cutis,  8,  but  passing  spirally,  like  a  corkscrew, 
through  the  cuticle,  1,  and  then  opening  on  the  surface  of  a  ridge. 
7,  Small  masses  of  the  subcuUueous  fftt.    (KdUiker.) 

in  the  new-born  infant.  During  life,  the  cuticle  is  constantly 
undergoing  loss,  by  the  process  kno¥m  as  desquamation,  which 
consists  of  a  throwing  off  of  the  superficial  epidermoid  scales. 
But  tliese  are  constantly  being  renewed  by  fresh  epidermoid 
cells,  originating  on  the  siurface  of  the  true  skin,  and  gradually 
undergoing  transformation,  from  the  spherical  to  the  flattened 
shape,  as  they  approach  the  surface  of  the  cuticle. 

The  cutis,  or  true  skin,  also  called  the  corium  and  dermOy 

O  G  2 
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figs.  66,  67,  3,  covered  everywhere  by  the  cuticle,  is  a  denae, 
moist,  tough,  and  flexible  fibro-areolar  membrane,  of  a  pinkish- 
white  colour.  It  is  adherent  to  the  subjacent  parts  generally, 
becoming  blended  with  the  subcutaneous  areolar  and  &tty 
tissue,  the  fasciae,  and  even  with  the  cutaneous  muscles. 

The  cutis  is  made  up  of  interlacing  bundles  of  white  areolar 
tissue,  mixed  with  yellow  elastic  fibres.  Immediately  beneath 
the  rete  mucosum,  its  structure  is  almost  homogeneous,  pre- 
senting a  compact,  scarcely  fibrillated  appearance.  Somewhat 
deeper,  bimdles  of  fine  fibres,  with  small  areola?,  appear.  In 
the  deepest  layers,  the  fibres  are  large  and  coarse ;  the  dense 
areolar  network  if  here  loose,  and,  opening  out,  incloses  the 
hair  follicles  with  their  sebaceous  glands,  and  small  masses  of 
fat.  In  most  situations,  scattered  contractile  fibre-cells,  or 
plain  muscular  fibres,  are  found,  mixed  up  with  the 
fibrous  and  elastic  tissues;  they  are  always  present  where 
hairs  exist,  to  which  parts  tliey  are  often  attached;  on  the 
palms  and  soles,  where  these  are  absent,  no  muscular  fibre? 
are  ever  seen.  The  cutis,  in  some  parts  of  the  body,  as  in 
the  palms  and  soles,  is  closely  adherent  to  the  fascia  beneath 
it ;  in  the  face,  it  gives  attachment,  by  its  under  siurface,  to 
many  of  the  fibres  of  the  muscles  of  the  eyebrows,  and  mouth. 
The  skin  is  very  loosely  attached  over  the  angles  of  the  joints, 
where,  moreover,  the  so-called  subcutaneous  bursce  are  found: 
these  are  closed  sacs,  situated  between  the  integument  and  the 
prominences  of  the  bones,  by  means  of  which  the  movements 
of  the  parts  are  facilitated.  The  thickness  of  the  cutis  varies 
in  different  parts  of  the  body ;  it  is  thickest  in  the  sole,  and 
thinnest  in  the  eyelids,  being,  in  the  former  situation,  about  a 
line  and  a  half  thick,  and  in  the  latter,  less  than  a  quarter  of  a 
line ;  as  a  rule,  it  is  thicker  in  the  male  than  in  the  female. 
The  thickness  of  the  entire  skin  is  determined  by  the  cutis, 
except  in  the  palms  and  soles,  where  the  cuticle  is  dispro- 
portionately thick. 

The  surface  of  the  cutis,  as  seen  when  it  is  denuded,  is 
covered,  in  many  places,  with  little  conical-shaped  projections, 
called  papilla:,  fig.  66,  4.  These  are  prolongations  of  the 
upper  compact  tissue  of  the  cutis,  into  the  rete  mucosum  of  the 
cuticle,  from  the  depressions  in  which,  already  mentioned,  ther 
can  be  drawn  out,  in  macerated  specimens,  afler  death.  The 
papillro  are  best  seen  on  the  palms  of  the  hand,  where  they  aro 
largest  and  most  numerous;  thoy  are  usually  arranged  in 
double  rows  upon  \\i^  cvx^asi^^ia  tidies  (figs.  65,  66),  and  are 
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generally  divided,  so  as  to  form  compound  papillse,  67,  a.  In 
the  palm,  the  number  of  simple  papills  on  a  Paris  square  line, 
ranges  from  150  to  200 ;  upwards  of  80  compound  papillae  have 
been  counted  on  the  same  space.  (E.  Weber.)  On  the  free 
border  of  the  lips,  they  are  also  very  numerous,  but  they  do 
not  present  any  regular  arrangement.  The  cutaneous  papilla 
on  the  fingers  and  palm,  measure  from  t^^  ^  "shr^  ^^  ^^ 

Fig.  67. 


Fif^.  B7.  a,  a  larger  view  of  the  cutaneous  papillsc,  showing  the  secondary 
papillie  into  which  they  are  often  divided.  Magnified  about  60  di»- 
nietcrs.  b,  still  largiT  diagrammatic  view  of  two  simple  cutaneous 
papillrp,  with  their  epidermic  covering.  1,  dry  scaly  part  of  epidermis. 
2,  soft  part,  or  rete  mucosum,  consisting  of  compressed  cells.  3,  cutis, 
or  true  skin.  4,  papilla.  6.  vascular  capillary  loop  in  one  papilla. 
6.  tactile  corpuscle,  with  two  nerve  fibres  winding  up,  and  becoming  lost 
ui)ou  it.  (KoUiker.) 

inch  in  length  ;  in  the  soles,  they  are  nearly  as  large,  but  in 
other  situations,  where  there  is  less  tactile  sensibility,  they  are 
tew  in  number,  short,  small,  and  scattered,  measuring  from 
-  J^/h  to  177  ^nr^^  of  ^^  ii^ch  in  length  ;  on  some  parta  of  the 
i»ody,  the  pajnllas  become  indistinct,  or  are  even  altogether 
absent. 

The  cutis  is  abundantly  supplied  with  blood  vessels,  lym- 
j)hatics,  and  n(>r\'e8.  Its  general  surface  is  covered  with  a 
close  capilhiry  network,  from  which,  fine  looped  vessels  pro- 
ject, and  enter  the  papillfle,  fig.  67,  5.  The  lymphatics  also 
ibrm  a  clo.se  network  on  the  surface.  The  nerves  pass  up- 
ward.s  from  the  subcutaneous  cellular  tissue,  and  form,  as  they 
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approach  the  surface,  minute  plexuses,  from  which  nerve 
fibres  are  given  off.  Some  of  these  fibres  are  lost  in  the  com- 
pact tissue  of  the  cutis ;  others  end,  perhaps,  in  loops ;  whilst, 
lastly,  many  of  them  pass  into  certain  of  the  papillae  only,  for 
it  is  said  that  some  of  these  do  not  receive  nerve  fibres.  In 
the  papillae,  the  fibres  end  in  loops,  or,  as  in  the  fingers,  the 
sole  of  the  foot,  and,  according  to  Kblliker,  on  the  red  margin 
of  the  lip  and  the  point  of  the  tongue,  they  appear  to  termi- 
nate on,  or  in,  small  oval  condensed  bodies,  called  tactile  cor- 
puscles  or  axile  bodieSj  fig.  67,  6  (Wagner),  situated  in  the 
centre  of  the  papillae ;  or  they  become  lost  in  tlie  central  port 
of  those  papillae  which  are  unprovided  with  distinct  tactile  cor- 
puscles. In  any  case,  it  has  been  supposed  that  the  nerve  fibre 
turns  back  to  rejoin  some  nerve  cell  in  the  nervous  centres. 
(Beale.)  The  tactile  corpuscle  fills  up  the  greater  portion  of 
the  papilla,  and,  according  to  some,  is  surrounded  by  the  ends 
of  the  nerves ;  by  Gerlach,  it  is  also  said  to  be  perforated  by 
them.  According  to  Wagner,  these  bodies  have  altogether  a 
special  structure ;  but,  by  Kcilliker,  they  are  said  to  consist  of 
condensed  homogeneous  connective  tissue,  covered  by  imper- 
fectly developed  elastic  fibres,  resembling  the  interlacing  bun- 
dles of  areolar  tissue  and  elastic  fibres  of  the  true  skin.  Huxley 
considers  the  axile  bodies  to  be  formed  by  the  continuation  of 
the  neurilemma  or  sheath  of  the  nerve,  which  is  much  de- 
veloped in  this  situation.  In  the  conjunctiva,  lips,  and  other 
parts,  the  axile  body  sometimes  presents  a  knob-like  form, 
and  consists  of  a  fine  nucleated  sheath,  containing  a  granular 
plasma,  within  "which,  the  axis-cylinder  of  the  nerve  ends  in 
a  simple  blunt  point.  (Kraase.)  Their  number  varies  in 
different  parts ;  on  the  palmar  surface  of  the  distal  phalanx  of 
the  index  finger,  there  are  about  108  on  a  square  line,  on  the 
second  phalanx  40,  on  the  first  15;  on  the  palmar  surface 
of  the  metacarpal  bone  of  the  little  finger  and  on  the  middle 
of  the  sole  of  the  foot  8,  and  on  the  tip  of  the  great  toe,  14. 

The  cutaneous  papillae  are  vascular  organs,  serving  to  in- 
crease the  nutrient  and  formative  surface  for  the  generation  of 
the  constantly  wasting  epidermis ;  whilst  those  which  contain 
nerves,  are  tlie  proper  organs  of  touch,  their  number,  size,  and 
complex  development,  being  in  exact  proportion  to  the  perfec- 
tion of  this  sense  in  different  parts  of  the  skin.  Two  kinds  of 
papillae  have  been  described  by  Wagner,  viz.,  one  containing 
capillary  loops  only,  and  the  other  being  merely  provided  with 
nerve  fibres  and  axiVci  bodies  •,  but,  according  to  Klilliker,  the 
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vascular  papillae  of  the  lip  contain  nerves,  and  the  papiUie  of 
tlie  palm  of  the  hand,  which  possesB  azile  bodies,  frequently 
contain  capillary  loops. 

In  certain  situations  in  the  subcutaneous  tissue,  as  in  the 
hands  and  feet,  some  of  the  cutaneous  nerve  fibres  pass  into 
curious  little  oval  bodies,  varying  from  ^^th  to  ^jjth  of 
an  inch  in  length,  named  the  Pacinian  corpuscles.  These  con- 
sist of  numerous  concentric  membranous  laminae,  composed  of 
spirally  arranged  fibres,  and  having  between  them,  spaces 
filled  with  fiuid.  In  the  centre,  is  an  elongated  chamber,  into 
which  the  axial  part  of  the  nerve  fibre  penetrates,  and  which 
also  contains  a  semi-fiuid  substance.  The  nerve  fibre  enters 
these  bodies  at  a  sort  of  pedicle,  together  sometimes  with  a 
capillary  loop;  and  then,  losing  its  medullary  sheath,  be- 
comes reduced  to  its  axis-cylinder,  and  penetrating  to  the 
internal  chamber,  ends  in  a  little  bifid  or  trifid  knob,  per- 
haps turning  back  again.  Similar  bodies  are  likewise  found 
on  the  sympathetic  plexuses  of  the  abdomen,  in  man.  In 
many  animals,  these  corpuscles  are  found  in  large  numbers  in 
the  feet ;  they  are  very  abundant  in  the  skin,  feet,  bill,  and 
tongue  of  birds.  They  are  especially  well  seen  on  the  me- 
senteric nerves  of  the  cat. 

The  Timls  are  modified  parts  of  the  cuticle,  with  which 
they  are  continuous  along  tiie  hinder  part  of  their  edges,  by 
their  upper  surface  near  the  root,  and  by  their  imder  suiiace 
near  the  tip ;  hence,  when  loosened  by  decomposition,  they 
slip  off  from  the  true  skin,  in  intimate  connection  with  the 
glove-like  cuticle.  They  consist  of  a  deep  soft  layer,  fig. 
68,  2,  composed  of  roundish,  somewhat  compressed,  epider- 
moid cells,  and  of  a  hard  superficial  stratami,  1,  made  up  of 
flattened,  homy,  and  intimately  adherent  cells.  The  imder 
concave  surface  of  the  nails,  is  accurately  moulded  on  to  the 
cutis  or  true  skin,  to  which  it  is  firmly  adherent  during  life. 
The  part  of  the  cutis  beneath  the  nail,  is  called  the  matrix^  or 
hed^  6 ;  posteriorly,  it  is  doubled  on  itself,  forming  a  semi- 
lunar groove^  fig.  68,  ft,  or  recess,  into  which  the  hinder  edge 
or  so-called  root  of  the  nail  is  closely  set.  The  matrix  is 
highly  vascular;  it  is  covered  with  numerous  vascular 
papilla?,  fig.  ^^^  a,  6,  running  lengthwise  under  the  nail ;  but 
opposite  the  crescentic  white  spot  seen  near  the  root  of  the 
nail,  called  the  lunula,  the  papillae  are  smaller,  less  vascular, 
and  irregularly  scattered. 

The  nails,  like  all  epidermoid  tissues,  are  constantly  being 
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reproduced,  growing  in  lengtih  by  continual  additions  of  new 
cells  to  their  posterior  margins,  and  in  thickness  by  like  ad- 
ditions to  their  under  surface.  When  a  nail  is  torn  out,  or 
thrown  off,  in  consequence  of  disease,  a  new  and  perfect  nail  is 
ibrmed,  provided  the  matrix  is  luiinjured. 


Fig.  68. 


a 


Fig.  68.  a»  transverse  section  of  the  naO,  and  its  matrix.  6,  longitudinal 
section  of  the  same :  both  figures  are  diagrammatic  1,  the  outer  cuti- 
cular  layer.  2,  the  rete  Halpighianum,  or  mucous  layer,  of  the  cuticle. 
S,  the  cutis.  4,  the  nail  substance.  6,  the  ridges  of  the  cutis,  of  which 
the  matrix  or  bed  of  the  nail  consists.  (KOUiker.) 

The  hairs^  like  the  nails,  are  non-vascular  and  insensible 
outgrowths  of  the  cuticle,  springing  from  a  minute  sunken 
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which  run  longitudinally,  and  are  intermixed  with  pigment 
granules;  lastly,  the  very  deepest  cells,  occupying  the  centre  of 
the  shafl,  and  constituting  the  pith  or  medulla,  are  not  elongated 
into  fibres,  but  are  somewhat  polyhedral,  and  loosely  connected 


Fig.  69. 


Fiff.  A9.  Bia^rams  of  the  structure  of  tho  hair,  hair  follicle  or  sac.  and 
sebaceous  glands  (KMlikcr).  a,  root  of  a  hair,  in  its  follicle.  1,  outer, 
dry  layer  of  cuticle.  2,  Malpighian  or  mucous  layer,  both  dipping  into 
tho  hair  sac.  3,  cutis,  or  true  skin.  4,  sebaceous  glands,  openhig  into 
hair  sac.  6,  root  of  hair.  6,  walls  of  hair  sac.  7,  papilla,  on  which  the 
hair  grows.  6,  larger  view  of  lower  end  of  root  of  hair,  and  bottom  of 
hair  sac.  G,  the  hair  sac,  showing  the  outer  and  inner  root  sheath,  the 
latter  adhering  to  the  hair.  7,  the  vascular  papilla  on  which  the  hair 
grows.  Tlie  hair  itself  shows  its  fibrous  structure,  its  dark  medulla, 
and  the  transverse  lines  of  its  scaly  covering,  c,  transverse  section  of  a 
hair,  showing  its  outer  covering,  its  fibrous  part,  and  the  central  softer 
medulla  or  pith.    (After  K6Uiker.) 

toiretlier,  containing  chiefly  pigment  or  fat  granules.  The 
pith  is  only  found  in  certain  hairs,  and  does  not  extend  so  far 
as  the  i)oint. 

The  niiiuite  depression  from  wliich  a  hair  emerges,  is  called 
tho  hair  follicle,  or  hair  sac,  a,  b,  6.  This,  which  varies  from 
one  to  three  lines  in  length,  is  buried  in  the  true  skin,  or,  as 
in  the  case  of  the  larger  hairs,  reaches  even  into  the  subcu- 
tineous  fat :  it  receives,  in  nearly  all  cases,  the  ducts  of  two 
8e):)aceou3  glands,  a,  4.  The  sides  of  the  hair  follicles,  are 
firm,  and  consist  of  two  layers,   an  outer  sofl,  fibrous,  and 
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vasctilar,  and  an  inner  non-Taaeolar  homogBabCKm  layfir,  bodi 
being  prolongationa  from  the  catib;  each  folfide  k  Inied  by 
eztendona  of  the  homy  and  soft  lajers  of  the  coftiole^  1,  l, 
forming  the  part  called  the  root^heaikj  the  inner  aInUam  of 
which  adheres  closely  to  the  hair.  At  the  bottom  of  tiie 
follicle,  ia  a  more  or  leBs  derated  porti(»i  of  the  cntia,  often 
forming  a  distinct  paptlloj  7,  which  is  dertitote  of  cntidet 
being  covered,  instead,  by  the  attached  extremity  c£  the  Uiur 
which,  indeed,  is  ibrmed  on  the  papilla.  The  root  of  tbe  hair 
is  composed  of  soil,  pale,  and  somewhat  compressed,  nucleated 
cells ;  it  is  intimately  adherent  to  the  root-sheath  orcuticalar 
lining  of  the  follicle ;  when  a  hair  ia  plucked  out,  it  < 


away  with  this  cuticular  lining,  which  cungs  dosehr  roimd  its 
root ;  the  vascular  papilla  at  tiie  bottom  of  the  fbuide^  how- 
ever, remains,  and  a  new  hair  is  generated  upon  it.  If  the 
papilla  be  destroyed  by  injuiy  or  disease,  no  new  hair  is 
formed.  The  papille  resemble  those  on  ihe  sur&oe  of  the 
true  skin,  being  highly  yascular ;  aU,  except  the  papilbs  of 
the  finest  hairs  of  the  oody,  probably  receiye  nervous  fibrils; 
for  pain  is  produced  when  a  hair  is  pulled  at,  or  plucked  out. 
The  papillse  situated  at  the  roots  of  the  laxge  whiakera,  or 
vibrisscB  of  the  cat,  seal,  and  otlier  animals,  which  are  used  as 
feeleri,  are  supplied  with  very  krge  nerves.  TTie  haire  Lhem- 
deHtitute  of  i 
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goose's  skin,  or  cutis  anaerina.  The  standing  on  end  of  the 
hair  of  the  head,  as  the  result  of  extreme  fright,  may  be 
partly  due  to  the  contraction  of  such  fibres,  but  it  must  also 
be  dependent  on  the  action  of  the  occipito-frontalis  muscle. 

The  sebaceous  or  faUfomung  glands,  fig.  69,  a,  4,  from 
sebum,  &t,  are  situated  in  the  cutis,  and  exist  in  great  num- 
bers, associated  with  the  hairs,  there  being  usually  two  for 
each  hair  follicle.  Those  of  the  larger  hair  follicles  average 
about  ^l^^th  of  an  inch  in  width.  They  are  proper  appendages 
of  the  hair  follicles,  and  are  not  found  in  the  palms  and  soles, 
where  no  hairs  exist.  Each  gland  is  a  flask-shaped  body, 
composed  of  from  five  to  twenty  little  sacs,  clustered  around, 
and  loading  into,  a  common  duct,  which  almost  always  opens 
into  a  hair  follicle,  each  follicle  receiving  one  or  more  ducts ; 
sometimes,  however,  the  ducts  of  the  glands  open  upon  the 
'  cutaneous  surface.  These  glands  are  lined  throughout  by  a  fine 
epithelium,  and  their  imctuous  secretion  first  anoints  the 
hair-bulb,  and  then  oozes  out  upon  the  stem  and  the  neigh- 
bouring surface  of  the  cuticle,  which  it  prevents  from  getting 
dry  and  cracked.  On  the  nose  and  face,  the  sebaceous  glands 
are  of  considerable  size.  The  Meibomian  glands  in  the  eye- 
lid?, are  large  sebaceous  glands. 

The  sudoriferous  glands  or  sweat  glands,  fig.  ^^,  6,  will  be 
described  in  the  Section  on  Excretion. 

Tmch. 

The  modification  of  the  sensory  power,  by  which  the 
shape,  size,  solidity,  and  other  mechanical  properties  or 
qualities  of  objects,  are  distinguished,  constitutes  the  sense 
of  touchy  or  tact,  or  the  tactile  sense.  The  sense  of  tempe- 
rature is  also  usually  referred  to  this  sense ;  and  so  likewise 
arc  the  feelings  of  pain  or  its  opposite.  So  far  as  is  yet 
known,  the  peripheral  sensory  organs,  and  the  nerve  fibres 
concerned  in  all  these  forms  of  sensation,  are  the  same.  But, 
as  already  mentioned  (p.  341),  different  paths  in  the  spinal 
cord,  are  supposed  to  be  pursued  by  tactile,  thermal,  and 
painful  inijiressions ;  and  instances  are  recorded,  in  which  the 
sense  of  touch  was  lost,  wliilst  that  of  temperature  remained. 
As  to  the  exact  sensorial  centres,  excited  in  each  case,  nothing 
is  positively  determined. 

The  s*implcht  impression  conveyed  to  the  mind  by  the 
tactile  sense,  is,  as  its  name  implies,  that  of  contact  with  some 


notions  of  hardness,  softness,  elcisti 
so  forth.  By  touch,  combined  v 
cessively  arrive  at  the  notions  of  r, 
and  siKice.  By  the  same  means,  w< 
the  farms  of  bodies;  and  by  the  cor 
pressure,  and  movement,  we  learn  t 
such  as  roughness,  smoothness,  or  p 
co-operating  with  the  muscular  sense 
resistance^  we  are  able  to  appreciate 
the  simplest  and  least  special,  is  the 
same  time,  the  most  direct,  positive, 
It  is  the  logical  as  well  as  the  physio 
senses,  which  are,  in  the  last  analysi 
It  is  the  sense  the  least  liable  to  be  d 

The  sensations  of  contact  and  re; 
be  added,  those  of  temperature,  an( 
are  always  referred  to  die  parts  of  1 
external  object ;  in  all  cases,  but  es{ 
a  certain  perception  of  the  regions  toi 
that  is,  of  the  locality  or  seat  of  th 
superadded;  although,  as  we  know 
sensations,  is  in  the  part  of  the  grea 
the  sensorium.  It  is  on  the  more  p 
perception  of  the  locality  of  impress 
specialised  form  of  sensation,  which 
tactile  sense,  to  a  large  extent,  depen* 

All  parts  of  the  skin,  and  the  i 
branes,  are  endowed  with  the  sense  < 
in  man,  it  is  the  hand,  whinh    "Kir  m 
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lengUi  of  their  phalanges,  the  sue  and  stxengdi  of  the  thumbs 
the  power  of  bringing  it  into  exact  opposition  with  the  ends 
of  the  fingers,  so  as  to  form,  with  them,  as  it  were,  a  pair  of 
pincers,  enable  the  hand  to  span  objects  in  all  directions,  and 
to  examine  their  relatiye  consistence,  size,  and  character  of 
surface.  The  bones  and  nails  senre  as  firm  points  of  support 
fi>r  the  skin,  and  aid  materially  in  the  exerdse  of  the  tactile 
sense,  and  in  its  secondaiy  or  deriyed  uses. 

Those  cutaneous  papille  which  contain  neryes,  are  the 
proper  organs  of  tactile  sensibility,  their  number,  size,  arrange* 
ment,  complexity  of  structure,  and  nenrous  supply,  being,  as 
exemplified  in  the  hands  and  fiaet,  in  exact  proportion  to  the 
perfection  of  this  sense  in  different  parts  of  the  ddn.  The 
points  of  these  papilke  (see  fig.  67,  h)  are  situated  nearer  to 
the  surfitce  of  ^e  skin,  than  tibe  general  surfiuse  of  the  cutis 
irom  which  they  project ;  and  the  cuticle  upon  them,  receiyes 
the  pressure  of  external  objects,  and  transmits  it  to  the  papiUia 
and  their  nenres.  The  tactile  corpuscles  and  the  Pacmian 
bodies  are  not  essential  to  the  exercise  of  touch ;  but  ikey 
exist  only  in  those  situations,  in  which  this  sense  is  most 
delicate  or  acute.  The  tactile  corpuscles,  &r  more  numerous, 
and  situated  so  much  more  sup^cially  than  the  Pacinian 
bodies,  the  former  lying  in  the  papillse  of  the  cutis,  and  the 
latter  being  entirely  subcutaneous,  may  act  mechanically,  by 
supporting  the  expansions  of  the  ends  of  the  tactile  nenres, 
so  as  to  prevent  their  yielding  to  objects  of  touch.  Thus, 
although  not  essential  to  sensation,  they  may  serve  to  intensify 
the  tactile  sensibility  of  a  part  The  use  of  the  Pacinian 
corpuscles  is  quite  unknown.  Their  analogy  to  the  electrical 
organs  of  certain  fishes,  has  not  escaped  attention. 

The  delicacy  of  touch  has  been  estimated  nmnerically,  by 
measuring  the  power  possessed  by  different  parts  of  the  sur- 
face, of  distinguishing  the  double  impression  produced  by  the 
simultaneous  application  of  the  two  points  of  a  pair  of  com- 
passes. (Weber.)  It  presents  marked  differences  in  different 
bituations ;  it  is  greatest  at  the  tip  of  the  tongue,  and  the 
end  of  the  third  finger.  It  was  found,  by  Weber,  that  if  the 
eyes  be  closed,  and  the  points  of  a  pair  of  compasses,  pro* 
tected  by  cork,  be  applied  to  either  of  the  parts  just  named, 
the  double  impression  is  distinctly  perceived  when  the  points 
are  approximated  to  within  half  a  line  of  each  other ;  for  the 
perception  of  the  double  impression  on  the  palmar  surface  of 
the  last  phalanges  of  the  thumb  and  fingers,  the  points  of  tl&A 
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(•(aii]\i8.scs  must  be  separated,  one  line;  on  the  red  surface  of 
ihe  lip,  two  liiu's;  on  the  middle  of  the  dorsum  of  the  tongue, 
lour  lines;  on  the  lower  pirt  of  the  forehead,  ten  lines;  on 
the  sternum,  twenty  lines ;  lastly,  on  tlie  middle  of  the  fore- 
arm, on  the  middle  of  the  thigh,  and  over  the  middle  of  the 
iLTvical  and  dorsal  vertebra?,  the  two  impressions  are  not 
]><'rccived,  unless  the  jx)ints  of  tlic  compasses  are  at  a  distance 
of  thirty  lines  from  each  other;  these  last  are  the  portions  of 
the  cutaneous  siufaoc  in  which  the  sense  of  touch  is  least 
])trlect.  The  sensibility  of  the  trunk  is  said  to  be  greater  in 
the  middle  line  in  front  and  l)ehind,  than  at  the  sides. 

It  Avill  thus  be  seen,  that  the  delicacy  of  touch  in  the  most 
sensitive  jmrts,  is  about  sixty  times  greater  than  it  is  in  the 
least  sensitive  jKirta ;  it  presents,  however,  considerable  dii- 
Icronces  in  dillerent  individuals.  It  has  been  shown,  by 
Valentin,  that  some  |)ersons  can  distinguisli  the  double  impres- 
sion at  one-third  of  the  distance  at  which  it  can  he  felt  by 
others.  The  smallest  distance  at  which  the  two  }X)ints  of  the 
(!(>nii)asdes  ciin  bo  distinguished,  is  ciilled  the  limit  of  confusioD. 
(Graves.)  The  two  impressions  of  the  points  of  tlie  com- 
])nss(.'S,  are  more  plaiidy  perceived,  when  these  are  placed  in  a 
direction  transversely  to  the  trunk  or  limbs,  than  when  they 
arc  applied  in  a  longitudinal  direction  ;  but  it  is  said,  that  at 
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point.  If  one  point  be  cold  and  the  other  warm,  they  are  felt, 
even  at  short  distances,  as  double,  although  their  relative 
position  cannot  be  recognised. 

The  thinness  of  the  epidermis,  under  certain  circumstances, 
favours  the  acuteness  of  the  tactile  sense,  as  is  shown  in  the 
comparison  between  the  outer  and  inner  aspects  of  a  limb ; 
but  the  delicacy  of  touch  in  the  fingers  is  proverbial,  although 
their  epidermis  is  very  thick.  Touching  or  irritating  tibe 
n:iked  cutis  causes  pain,  not  a  tactile  sensation. 

It  is  most  probable  that  the  delicacy  of  touch,  and  the 
power  of  discriminating  distance,  are  proportional  to  the  number 
of  nerve  fibres  supplying  the  skin,  and  indirectly,  therefore, 
to  the  number  of  papilla).  If  two  impressions  be  made  on  a 
part  sparingly  supplied  with  separate  nerve  fibres,  such  im- 
pressions may  travel  to  the  sensorium,  only  along  one  fibre,  in 
which  case,  only  a  single  impression  will  be  perceived.  It  has 
been  assumed,  that  each  cutaneous  nerve  fibre  ends  in  a  pencil 
of  delicate  filaments,  for  the  supply  of  a  definite  circular  or 
oval  area  of  the  akin,  the  diameter  of  which  has  been  esti- 
mated at  probably  about  ^-^  of  an  inch ;  but  the  filaments 
of  a^ljacent  nerve  fibres,  are  supposed  to  pass  into  contiguous 
areas,  so  that  the  exact  spot  of  the  body,  which  is  the  seat  of  a 
single  impression,  is  recognised  by  the  aid  of  compound  im- 
j)ressions.  On  this  view,  a  theory  is  offered  as  to  the  sense 
of  lociility  possessed  by  the  skin,  viz.,  that  the  smaller  these 
areas — i.  e.  the  more  numerous  and  closer  the  nerve  fibres — 
the  greater  the  acuteness  of  this  sense  of  space.    (Fick.) 

The  curious  observation  has  been  made,  that  a  pwt  en- 
dowed with  a  finer  sense  of  space,  feels  a  part  less  endowed  in 
that  respect,  and  not  the  latter,  the  former ;  when,  e.g.,  the 
finger  touches  the  forehead,  it  is  the  finger  which  feels  the  fore- 
head, and  not  the  foreheiid  the  finger.  For  this  experiment, 
tlie  two  parts  of  the  skin  must  be  of  the  same  temperature; 
lor  when  two  regions  of  the  skin  of  different  temperatures,  are 
brought  in  contact,  a  double  sensation  is  produced. 

A  useful  instrument  named  an  asthesiometery  consisting  of 
a  graduated  bar,  having  a  fixed  and  moveable  point  attached 
to  it,  has  been  de\'ised  for  testing  the  relative  sensibility  of 
different  parts  of  the  skin,  in  cases  of  more  or  less  complete 
amrsthesia,  or  paralysis  of  sensation. 

There  is  no  necessaiy  relation  between  the  delicacy  of  the 
tactile  sense  in  a  part,  and  ita  common  sensibility,  for  in  some 
regions  of  the  skin,  where  the  perception  of  tactile  impressiona 
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is  veiy  perfect,  common  eenmbility  it  moch  len  i 

is  in  other  regions,  where  the  aeneeof  touidi  is  much  ] 

In  the  soles  of  the  feet,  the  arm-piti|  and  the  flukii  pMli 

endowed  with  but  little  tactile  tenability,  tlie  wmMtinn  «f 

tickling  can  be  most  easily  excited;  but  on  tiha  ends  of  As 

fingers,  where  the  delicacy  of  touch  is  highly  daDelopod,  it  is 

difficult  to  produce  tickling. 

Experiments  have  been  made  to  detenmne  the 
sensibility  of  the  skin,  by  pladng  weights  on  difSsrant  i 
of  the  body,  and  ascertaining  what  is  the  miniiniim  weUht 
capable  of  exciting  a  tactile  imjvesBion.  It  mm  faaodfhj 
Aubert  and  Kammler,  that  a  body,  wddiing  two  i 
and  covering  one  square  millimetre,  oomd  be  distiiiffiustiacl  npn 
the  face ;  whereas,  on  the  pulp  of  the  fingers,  a  body  ooen|iyMg 
the  same  area,  must  weigh  from  ten  to  fifieen  inillignuiiflM^  in 
order  to  produce  a  di^ct  senaation  of  preanxe.  But  the 
sensibility  of  the  &ce  was  oomdderably  diminiahedy  when  the 
minute  hairs  covering  its  sorfiuse  were  shaved  oflEl  Tbm  hA 
half  of  the  body  is  said  to  be,  as  a  mle,  better  aUe  t> 
appreciate  weights  by  their  pressure  on  the  ddn,  than  Ilia 
right  half.  The  sensation  of  pressure  in  different  parts  of 
the  skin,  does  not  exhibit  such  marked  difierenoes  sa  Aal 
of  die  senne  of  space.     IncreaHB  of  preswuie  is  more  eamly  | 
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As  already  mentioned,  the  mere  contact  of  an  object  with 
the  organ  of  touch,  only  conveys  the  notion  of  resistance ;  but 
a  notion  of  the  extent  of  mrface  of  an  object,  is  arrived  at  by 
alterations  in  the  relative  position  of  the  organ  of  touch  and 
the  object  touched,  and,  in  this,  we  are  also  assisted  by  the 
muscular  sense,  which  gives  us  a  knowledge  of  the  positions 
of  the  {irm  and  hand. 

The  knowledge  of  the  dimensions^  shape  of  surface,  and  diS' 
tance  of  objects,  is  obtained  in  two  ways.  Either  we  judge 
by  the  relative  distance  and  position  of  two  or  more,  or  even 
of  many,  points  of  the  sensory  surface  of  the  part  of  the  body 
employed  in  the  act  of  feeling,  with  the  motion  or  situation 
of  which,  we  are  accurately  informed  by  the  cutaneous  sense  of 
locality;  or  we  touch  in  succession,  several  points  of  the  objects 
to  be  examined,  with  the  same  sensory  surface  of  the  body,  and 
then,  by  the  extent  and  direction  of  the  movements  necessarily 
performed  by  us  in  these  acts,  judge  of  the  size  and  form  of  the 
object  in  question.  In  the  former  case,  our  perceptions  be- 
come more  accurate  when  the  acts  of  contact  with  the  foreign 
body  are  successive,  than  when  such  contacts  take  place 
simultaneously ;  moreover,  the  acts  of  contact,  when  succes- 
wve,  must  neither  be  too  quick  nor  too  slow,  or  we  lose  the 
power  of  judgment  from  them.  In  these  applied  uses  of  the 
sense  of  touch  and  the  muscular  sense,  for  the  formation  of 
compound  ideas  and  notions,  we  are,  in  practice,  greatly  and 
habitually  assisted  by  the  sense  of  sight. 

Long  continued  impressions  on  the  nerves  of  touch  leave 
after,  or  secondary  impressions,  which  sometimes  persist  for  a 
long  ])eriod  ;  as,  when  a  person  in  the  habit  of  wearing  a  ring, 
believes  that  he  still  feels  it,  after  he  has  left  it  off.  These 
ajh.r  inq)j'Cifsions  are  dependent  on  some  altered  condition  of 
the  skin.  The  general  after  effects  of  continued  and  succes- 
sive tactile  impressions  are  remarkable.  Thus,  if  the  hand  is 
brought  into  contact  with  a  rapidly  revolving  disc,  the  edge  of 
which  is  ])rovided  with  uniform  fine  teeth,  alternate  and  dis- 
tinct tactile  sensations  of  contact  and  non-contact,  jire  pro- 
duced. With  a  certain  velocity,  these  remain  distinct,  but  at 
very  high  velocities,  the  two  sensations  become  less  so,  and 
resemble  in  charact^T,  those  known  «as  rough  or  woolly.  Still 
more  rapid  revolutions  of  the  disc,  at  length  produce  uniform 
sensations,  which  are  comparable  with  that  of  smoothness  or 
even  with  that  of  complete  polish.    (Valentin.) 

Continued  uniform  i)ressure  upon  any  portion  of  the  skin^ 
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ceases,  after  a  time,  to  produce  any  impression ;  but  wbm 
the  pressure  is  no  longer  uniform,  i.e,,  if  it  be  lessened  or 
augmented,  its  presence  is  immediately  noticed.  If  the  pres- 
sure, ailer  having  been  uniformly  kept  up  for  any  length  of 
time,  be  removed,  an  after  sensation,  as  usual,  remains. 

The  mind,  as  already  mentioned,  generally  refers  the  sensa- 
tions of  touch  to  the  part  of  the  skin  stimulated,  but,  under 
certain  circumstances,  they  are  referred  altogether  to  the  ex- 
terior. Thus,  when  an  object  is  brought  into  contact  with  parts 
destitute  of  nerves,  like  the  hairs  or  nails,  the  effect  is  com- 
municated, through  them,  to  the  sensory  portion  of  the  skin 
ft-om  which  they  grow,  and  gives  rise  to  sensations  which  are 
distinctly  referred  to  the  insensible  hair  or  nail.  In  the 
same  manner,  the  sensations  of  touch  are  sometimes  referred  to 
the  extremity  of  a  foreign  body  in  contact  with  the  skin  ;  thus, 
if  a  stick  be  held  by  one  end,  and  its  other  end  be  brought 
into  contact  with  any  object,  we  perceive  a  two- fold  impression, 
one,  where  the  stick  is  held,  and  another,  which  is  referred  to 
the  end  of  the  stick  touching  the  foreign  body. 

The  sense  of  touch  can  be  excited,  as  it  is  said,  subjectively, 
or  by  internal  causes ;  thus,  the  sensations  of  formication, 
creeping,  or  tingling,  may  arise  independently  of  external  in- 
fluences :  such  tactile  sensations  are  of  frequent  occurrence. 

The  sense  of  touch  is  capable  of  being  educated,  as  is  well 
seen  amongst  the  blind,  whose  tactile  discrimination  is  so  acute 
and  delicate,  that  they  are  able  to  read  sentences  in  raised 
letters,  to  distinguish  the  inscriptions  and  impressions  on  coins, 
and  ft-equently  even  to  recognise  shades  of  colour,  which  es- 
cape the  notice  of  the  eye,  by  means  of  differences  of  texture 
and  surface.  It  has  been  found,  that  the  sense  of  space  or 
locality,  as  determined  by  experiments  with  the  compasses,  or 
with  the  ajthesiometer,  is  well  developed  in  the  case  of  blind 
persons,  not  only  in  the  hands,  but  even  in  all  the  other 
parts  of  the  body.  In  persons  born  without  arms,  the  sense  of 
touch  in  the  toes  sometimes  becomes,  by  dint  of  education,  so 
highly  developed,  that  these  can  be  used  in  the  same  manner 
as  the  fingers.  The  influence  of  habit,  in  improving  the  deli- 
cacy of  the  tactile  sense,  is  illustrated  by  the  mode  in  which 
factory  girls  can  detect  and  join  the  finest  fibres  of  silk  and 
cotton,  in  the  spinning  machines.  The  Bengidee  female  silk- 
throwsters  are  said  to  be  able  to  distinguish,  by  the  touch,  as 
many  as  twenty  different  degrees  of  fineness  in  the  fibres  of 
^he  cocoons.     It  has  even  been  alleged,  in  regard  to  the  in- 
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fluence  of  education  on  the  tactile  sense,  lliat  an  improYementi 
in  this  respect,  in  any  part,  on  one  ude  of  the  body,  is  aocom* 
panied  by  a  corresponding  improyement  in  the  same  part  of 
the  body  on  the  opposite  side. 

'  Halludnationa  connected  with  the  senra  of  touch  are  not 
uncommon.  A  fiuniliar  example  is  that  afforded  by  crossing 
two  fingers  of  the  same  hand,  and  rolling  between  them  a  small 
rounded  body,  such  as  a  pea,  when  the  sensation  of  a  double 
body  is  experienced.  If  the  point  of  one's  tongue  be  so  touched, 
two  tongues  are  felt.  A  stick  pressed  mmultaneously  against 
the  upper  and  lower  lip,  appears  to  be  straight,  but  if  one  lip 
be  moved  sideways,  or  if  both  be  moved  in  opposite  direc- 
tions, the  stick  seems  to  be  broken  ;  if  this  experiment  is  per- 
formed before  a  looking-glass,  the  illusion  is  at  once  dispelled. 
(Czermak.)  If  a  body,  such  as  a  ball,  be  touched  with  sticks 
of  different  lengths,  whilst  the  eyes  are  turned  in  another 
direction,  it  will  be  found  that,  when  the  sticks  are  carried 
round  the  body,  this  appears  smaller  the  greater  the  length 
of  the  stick,  the  angle  which  is  then  described  being  much 
smaller.  These  are  errors  of  judgment,  based  on  sensations 
with  which  we  are  not  &miliar.  In  transplantation  of  a  por- 
tion of  skin  from  one  part  to  another,  as  in  the  formation  of  a 
new  nose  by  a  flap  of  skin  turned  down  from  the  forehead,  but 
still  left  connected  with  that  part,  by  a  narrow  bridge  of  inte- 
gument, the  sensations  are,  for  a  time,  referred  to  their  old 
seat ;  so  that,  when  the  new-formed  nose  is  touched,  the  sen- 
sation is  felt  as  if  it  were  in  the  forehead.  This  is  the  case^ 
however,  only  so  long  as  the  nerves  in  the  connecting  bridge 
of  skin  are  undivided,  and  it  is  uncertain  whether  the  mis- 
take can  be  corrected  by  the  aid  of  vision.  If  the  connecting 
nerves  are  cut  through,  all  sensibility  is  temporarily  lost  in 
the  new  nose,  imtil,  after  a  time,  new  nerves  enter  it  through 
the  cicatrix. 

The  Sense  of  Temperature. 

By  means  of  a  peculiar  modification  of  sensation,  we  appre- 
ciate those  intermolecular  motions,  which  cause  clianges  of 
temperature  in  the  skin,  and  thus  arrive  at  notions  of  the  tem- 
perature of  external  objects,  whether  these  afiect  us  by  actual 
contact  and  conduction,  or,  without  contact,  by  radiation. 

Impressions  of  heat  or  cold,  or  thermal  sensations^  can  only 
be  communicated  to  tlie  extremities  of  the  nerves  of  the  skin 
or  adjacent  parts  of  the  mucous  suz&cea;  that  is,  through 
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some  recipient  sensory  sxirface ;  for  it  is  impossible  to  excite 
such  impressions,  by  acting  directly  on  the  very  nerves  which 
ultimately  transmit  them.  For  example:  on  the  raw  sur- 
faces left  aft«r  destruction  of  the  whole  thickness  of  the  skin 
in  burns,  the  sense  of  temperature  is  lost,  heat  or  cold,  ap- 
plied to  such  surfaces,  merely  producing  pain.  The  skin  over 
the  ulnar  nerve,  behind  the  elbow,  does  not  exhibit  greater 
sensibility  to  moderate  differences  in  temperature,  than  other 
parts  of  the  body ;  but  when  the  degree  of  heat  or  cold  passes 
certain  limits,  pain  is  the  only  sensation  experienced ;  a  mix- 
ture of  ice  and  water  applied  over  this  nerve,  causes  intense 
pain  in  a  few  seconds.  In  the  same  manner,  the  contact  of 
frozen  quicksilver,  or  solid  carbonic  acid,  with  the  skin,  causes 
a  painful  sensation  similar  to  that  produced  by  touching  red- 
hot  iron. 

Thermal  sensations  are  excited  by  bodies,  the  temperature 
of  which  ranges  between  50°  and  117°  Fahr. ;  above  or  below 
those  points,  objects  no  longer  excite  the  feeling  of  heat  or 
cold,  but  cause  a  sensation  of  pain.  Water  at  a  temperature 
of  about  130®  no  longer  feels  warm,  but  imparts  a  slight  burn- 
ing sensation ;  in  the  same  manner,  the  feeling  of  cold  is  no 
longer  experienced  a  few  degrees  above  the  freezing  point, 
painful  sensations  being  then  produced. 

Sensiitions  of  heat  or  cold  are  not  absolute,  but  are  relative 
to  the  temperature  of  the  part  of  the  body  acted  upon.  Hence, 
objects  appear  warm  or  cold,  in  proportion  to  the  temperature 
of  the  body  at  the  time  of  contact,  imparting  the  sensation  of 
warmth  or  heat,  when  their  temperature  is  higher  than  that  of 
the  body,  and  the  feeling  of  cold,  when  it  is  lower.  The  tem- 
pemture  of  the  hand  is  a  few  degrees  lower  than  that  of  parts 
nearer  to  the  centre  of  the  body ;  hence,  when  placed  in  the 
arm -pit,  it  feels  cold,  whereas  the  axilla  appears  warm  to  the 
hand.  So  long  as  the  temperature  of  the  skin  remains  con- 
stant, thermal  sensations  in  it  are  very  slight,  or  altogether 
absent,  for  the  various  temperatures  of  the  skin  of  the  cheeks, 
hands,  feet,  and  other  parts,  do  not  usually  excite  in  us  sensa- 
tions of  temperature.  When  the  amount  of  heat  given  off,  or 
taken  up,  in  a  stated  time,  is  proportionally  great,  the  sensa- 
tion of  heat  or  cold  is  persistent ;  for  sensations  of  tempe- 
rature are  experienced,  not  only  during  the  immediate  changes 
of  temperature  in  the  skin,  but  also  during  the  pas-sage  of  a 
certain  quantity  of  heat  through  it. 

The  experiments  of  Weber  show  that  the  sense  of  tempera- 
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ture  is  much  modified,  according  to  the  extent  of  surface  of 
the  body  exposed  to  the  impression,  the  greater  the  extent  of 
surface  exposed,  the  more  intense  being  the  impression  pro- 
duced. Thus,  if  tlie  whole  of  one  hand  be  placed  in  water 
heated  to  a  temperature  of  102°,  and  one  finger  alone  of  the 
other  hand,  in  water  heated  to  104®,  the  temperature  of  the 
former  will  appear  much  higher  than  that  of  the  latter.  Slight 
differences  of  temperature  can  be  recognised  by  the  whole 
hand,  which  are  not  perceptible  if  a  single  finger  be  employed. 

The  sensibility  of  the  skin  to  differences  of  temperature, 
varies  in  different  individuals  and  in  different  parts  of  the 
body ;  this  is  imdoubtedly  in  part  dependent  on  differences 
in  the  degree  of  thickness  of  the  epidermis.  The  tip  of  the 
tongue,  the  face,  the  fingers,  and  the  soles  of  the  feet,  are  the 
parts  in  which  thermal  sensations  are  most  easily  and  acutely 
i'elt.  It  is  siiid  that,  with  the  tip  of  the  tongue,  variations  of 
temperature  of  even  ^°  can  be  distinguished.  The  sensibility 
of  the  left  htiud  to  temperature  is  more  delicate  than  that  of 
the  right.  Weber  found,  that  if  both  hands  are  immersed  in 
separate  vessels  of  hot  water,  the  left  hand  always  appears  the 
warmer,  even  though  the  temjxjrature  of  the  water  in  which  it 
is  immersed,  be  1°  or  2°  colder  than  that  in  which  the  right 
hand  is  placed. 

The  sensations  excited  are  more  intense,  when  the  altera- 
tions in  the  temperature  of  the  skin  are  rapidly  effected. 
When  a  ixDrtion  of  the  skin  is  cooled  by  immersion  in  water 
at  a  low  temperature,  say  55°,  and  is  then  immersed  in  water 
at  ()8°,  a  feeling  of  heat  is  experienced  for  a  few  seconds, 
whilst  the  temperature  of  the  skin  rises,  but  a  permanent  sen- 
sation of  cold  then  follows,  because  the  temperature  of  the 
water  is  still  much  lower  than  that  of  the  skin.  Cold  bodies, 
wliicli  are  good  conductors  of  heat,  such  as  the  metals,  appear 
to  us  colder  than  other  bodies  of  the  same  temperature,  which, 
like  wood,  are  bad  conductors  of  heat,  because  the  quantity  of 
heat  absorbed  in  a  given  time  from  the  skin  is  greater.  The 
sensation  of  burning  is  communicated  to  the  hand  by  air  at  a 
temperature  of  302°,  by  wood  at  212°,  and  by  mercury  at  144°. 
Those  bodies  which  have  a  high  specific  heat,  and  which  ab- 
sorb and  render  latent  large  quantities  of  heat,  also  act  more 
powerfully  on  the  thermal  sense. 

It  is  supposed,  that  the  giving  up  of  heat  by  the  skin,  which 
takes  place  when  a  cold  body  is  brought  into  contact  with  it, 
causes  a  contraction  of  the  cutis  and  its  papillce^  and  t]b^sdX  ^3c^^ 
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diking  up  of  heat,  whieli  ensues  wHcii  a  wnnu  body  Is  brtiiigltt 
hill)  eontfiL't  witlj  tlie  tikin^  leads  to  the  diktation  of  those  pans, 
and  iJmt,  in  thiri  manner,  the  nerves  are  acted  upon,  bhA  tb/a 
^n^.iry  inijirfflsionsof  cold  mid  heat  are  produced.  This  refers 
t(.s  tsnmB,  in  which  the  heat  is  conducted  into  or  from  the  hody» 
]vy  mniG  material  substance,  either  solid,  Huid,  vaporous,  or 
L^aseuua^  iictually  in  contact  with  it*  But  the  tierv"e&  whicl 
receive  and  con%"ey  thermal  impressions  to  the  aensoniun^ 
are  als*5  affected,  lu*  we  know,  bj  radiant  heat  coming  to,  cr 
is^niug  froni^  tlie  body.  !n  tliia  case  alscs  the  heat  is  still  tm- 
dneted  to  or  IVom  I  he  extremitiea  of  the  nerves,  by  maceml 
substance^  viz.  that  of  the  skin  itself,  the  temperature  of  whicli 
is  elevated,  or  depreaaed,  by  the  reception,  or  lossa,  of  radiant 
lieac.  Accordingly,  the  nerves  are  probably  not  excited  by  the 
entering  or  dejiarting  rarliant  beat  itself,  but  by  the  heat 
conducted  to,  or  Ironij  them  by  the  warmed  or  cooled  skin. 

In  parts  of  the  body,  in  which  there  ia  incomplete  paraljrii 
uf  seni^ition,  the  ^QU^  of  terupeniture  remains,  or  as  the  liit 
lu  disappear;  S40  that  jmralysed  parts,  which  are  no  longtr 
sensible  to  pressure  or  pricking,  still  remaiu  sensible  to  ibe 
inHuence  of  lioat  and  cold.  This  may  be  explained,  either  bj 
i^uppusing  the  existence  of  special  sets  of  nervca  tor  the  ocm- 
veyance  of  thermal  impressions,  or  the  occurrence  of  peeiihar 
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Sensations  of  heat  may  be  confounded  with  tactile  impres- 
riions,  even  in  those  parts  of  the  body  in  which  sensibility  is 
most  highly  developed.     (Fick  and  Wunderli.) 

It  is  supposed,  that  the  reason  why  the  only  sensation  expe- 
rienced, on  immersing  the  hand  or  foot  in  mercury,  or  a  warm 
fluid,  is  that  of  a  ring  around  the  limb  at  the  surface  of  the 
liquid,  is  due  to  the  fact,  that  the  portion  of  the  limb  immersed, 
being  subjected  toimiform  pressure,  its  papUlae  are  not  excited, 
but  only  those  corresponding  to  the  line  at  which  the  different 
pressures  exerted  by  the  air  and  by  the  fluid,  meet. 

The  Organs  and  Sense  of  Touch  in  Animals. 

Amongst  the  Vertebratay  in  Mammalia,  as  in  Man,  the  whole  surface 
of  the  body  possesses  not  only  common  sensibility  and  a  general  sense 
of  touch,  except  in  those  species  in  which,  as  in  the  Armadillo,  the  in- 
tegument presents  a  thick,  homy,  or  bony  covering,  but  the  proper 
tactile  sense  is  principally  exercised  by  parts  provided  with  nervous 
papillae.  In  most  Quadrumana,  the  tips  of  the  toes  and  fingers,  where 
the  sense  of  touch  is  most  acute,  are  abundantly  supplied  with  papillae, 
and  the  under  surface  of  the  prehensile  tail  of  certain  monkeys,  which 
likewise  has  mjiny  papillse,  is  also  a  tactile  organ.  In  many  Kodentia, 
the  pulps  of  the  digits  are  highly  sensitive.  In  the  Bat,  the  sense  of 
touch  is  extraordinarily  developed  in  the  wings^  by  which  means,  it  can 
avoi<l  objcHTts  during  its  flight,  even  when  the  eyes  are  extirpated. 
(Spallunzani.)  The  whiskers  or  vU/risste  of  the  Carnivorous  tribes, 
espcvially  in  the  cat  and  seal,  and  also  those  of  many  rodents,  as  in 
tlie  rabbit  and  hare,  are  endowed  with  very  acute  tActilo  sensibility. 
The  bulbs  of  these  vibrissa?  are  very  large,  and  each  receives  a  nerve, 
often  of  considerable  size,  derivwl  from  oflfsets  of  the  infra-orbital 
branch  of  the  fifth  cranial  nerves ;  wlien  these  whiskers  are  cut  off,  the 
sense  of  touch  in  the  animal,  is  seriously  impaired. 

But  in  the  ^eater  number  of  Mammalia,  the  lips  and  the  end  of  the 
nose  are  tlie  special  scats  of  touch,  many,  as  the  ant-eaters,  mole,  hog, 
tapir,  and  elephant,  being  provided  ^-ith  a  moveable  snout.  In  the 
rhinoceros,  there  is  a  soft  hook-Uko  expansion  of  the  upper  lip,  which 
is  constantly  kept  moistened,  to  ensure  its  sensibiUty.  The  snout  of  the 
tapir  is  more  developtnl  than  that  of  the  pig,  and  the  tactile  sensibility 
of  the  tip  of  tlie  elephant's  trunk,  is  second  only  to  that  of  the  human 
hand.  The  skin  of  the  zoophagous  Cetacea  is  very  remarkable  for  the 
thickness  and  density  of  its  structure.  The  true  skin  consists  of  a  thick 
dense  whitish  opjique  fibro-cellular  hiyer,  pro\'ided  with  innumerable 
elongated  i)apilla»,  which  enter  into  corresponding  depressions  on  the 
under  surface  of  the  thick  black  epidermoitl  layer.  These  papillae  are 
half-an-inch  or  more  iu  length,  and  are  said  to  be  supplied  M-ith  non-os 
as  well  as  vessels.  It  has  been  supposed,  by  many  familiar  with  the 
habit«  of  the  whale,  that  the  sense  of  touch  is  very  acute  in  these 
animals,  espt>cially  for  undulations  transmitted  through  the  water ;  and 
that,  in  this  way,  tlio  whales  can  commuuicato  with  each  other  whea 


mwu^ii  usuiiLly  hard,  is  soft  in  the  sni 
for  their  tuinl  in  Tnar>hy  {^toiuuI,  and  a 
in  ihos.',  it  is  a1iUH<l;ii\t  ly  snpjilird  wi 
toni^iie  i-^  i»a}>illatcHl,  and  prolial'ly  sorv. 

Anion«r!*t  ANjo/Z/o-.  the  .s«.'ns«M)t' toucl 
tongue  of  the  Oj)hi<lia,  and  of  many  Sa 
bo  an  organ  of  touch. 

The  naked,  soft  skin  of  the  AmphUn 
neires,  and  is,  therefore,  well  mlaptei 
impressions ;  but  the  proper  tactile  sens 
over  the  tip  of  the  jaws,  and  also  in  tha 

In  FishfSf  the  soft  lips,  the  parts  about 
the  pectoral  fins,  are  the  soatd  of  the  sen 
gurnards,  there  are  digitate  appendages  < 
which  seem  to  be  endowed  with  tactile  s* 

In  the  MoUusca,  touch  must  be  suppo; 
integument ;  but  it  seems  to  be  more  acu 
in  the  Cephalopods  and  Gast<?iropods,  an( 
of  the  Liunellibranchiata.  Many  are  pn 
other  appendages,  specially  connected  wi 
of  the  snails,  and  the  arms  of  the  cutt 
Folyzoa  and  other  MoUuscoida,  are  highl 

III  the  Annulosa,  highly  developed  ta 
jointed  antennae  possessed  by  insects,  wh 
able  varieties  of  form,  and,  in  certain 
when  they  are  removed,  these  creatures  ar 
usual  habits.  In  the  ants,  the  antcnnn  t 
of  communication  between  diiferent  indi 
palpi  and  feet  may  assist  the  tactile  sens 
ffenerallv,  the  antenme,  of  which  there  ar 
doubtedlv  sensitive  tactile  organs,  and  th 
also  conduct  tactile  imoressionR.     T»i«»  n 
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In  the  Ccelentemtai  the  ectoderm,  eepedally  over  the  onl  tentadee, 
poesesses  keen  excitability;  bat  they  do  not  anperently  exhibit  much 
discriminating  eense,  seinn^  all  objects  alike.  The  Protoaoa,  destitnta 
of  a  nervous  system,  exhibit  no  tactile  organs. 

In  all  cases,  the  integument  of  the  Vertebrata  consists  of  a  Tasenlar 
cntis,  or  true  skin,  covered  by  a  non-yascnlar  efndermic  layer,  and  is 
moreover,  often  provided  with  Tarions  appendages.  Some  of  these,  soeh 
as  the  hidrs,  spines,  nails,  d&ws,  hoofs,  and  even  the  horns  of  theKam- 
malia,  are  epidermic  structures,  formed  on  ]Mpil]flB  or  matrices,  develop- 
ments of  the  cutis  or  true  skin.  In  a  few  instances,  the  dense  dermal 
plates  of  the  rhinoceros,  and  the  bony  plates  of  the  annadiUo,  are  farmed 
apparently,  beneath  the  epidermis,  on  theisnrfiMe  of  the  true  skin,  and 
are  partly  vascular  tissues ;  they  belong  to  the  so-called  dirmal  skele- 
ton or  exo^keleUm,  as  distinguished  f^^  the  entUhikdetan  or  Bkeletop 
proper. 

In  Birds,  feathers  take  the  place  of  hairs,  being,  like  these,  epidezmie 
formations,  developed  upon  pamlhe  at  the  bottom  of  fitUides,  and  haviagt 
like  hairs,  a  root  sheath,  one  layer  of  iriiich,  however,  closes  the  yoong 
follicle,  and  for  a  time  invests  the  growing  fisather,  but  ultimately  is 
broken  through,  and  £Bklls  away.  The  quill  of  the  feather  oonaistB  of 
fibres  and  flat  scales,  and,  for  a  time,  contains  a  portion  of  the  vaseokr 
papilla  or  pulp ;  the  shaft,  barbs,  and  barbulea,  consist  of  a  pith  com- 
posed of  polyhedbral  cells,  and  of  an  outer  firmer  layer,  composed  of  flat- 
tened epidermoid  scales. 

Amongst  Roptilcs,  the  thick  coriaceous  integument  of  certain  saurians, 
the  osseous  plates  of  the  crocodiles,  the  sc^es  of  serpents,  and  the 
homy  coverings  of  the  Chelonia,  are  also  epidermic  formations,  be- 
neath wliich,  in  the  crocodiles,  bony  matter  is  formed,  constituting  a 
dermal  skeleton ;  but  in  the  Chelonia,  the  bony  case  beneath  the  horn, 
named  the  plastron  and  carapace,  is  formed  by  the  expansion  and 
coalescence  of  parts  of  the  internal  skeleton. 

Tlie  soft  integument  of  the  Amphibia,  in  many  cases,  almost  resem- 
bles a  mucous  membrane. 

In  Fishes,  the  integuments  are  either  soft,  as  in  the  eels,  in  which 
they  are  still  provided  with  minute  scales,  or  they  are  covered  with  the 
characteristic  larger  dermoid  scales,  the  pattern  and  formation  of  which, 
have  led  to  important  distinctions  in  this  large  class ;  sometimes  they 
present  numerous  dermal  plates  or  spines.  The  scales  consist  of  an  outer 
laminated,  and  sometimes  canaliculated,  shining  layer,  composed  of  the 
so  called  enamel  or  ganoin^  and  of  a  deep  layer,  which  may  be  homy, 
fibrous,  or  even  bony ;  in  the  latter  case,  it  sometimes  contains  Hayer- 
sian  canals.  The  bony  scales,  and  also  the  bony  pUtes  and  spines,  of 
certain  fishes,  are  partly  epidermoid  structures,  but  are  probably  also  in 
part,  formed  by  conversions  of  the  outer  layer  of  the  dermis ;  they  haye 
great  analogy  to  teeth,  especially  to  the  teeth  of  fishes  themselves.  The 
spines  of  the  fins  of  fishes,  are  also  dermal  structures,  belonging  to  the 
exo-skeleton,  and  not  to  the  intemal  skeleton. 

The  cutaneous  glands,  both  sebaceous  and  sudoriferous,  are  fbund  in 
all  Mammalia,  except  when  the  integument  is  covered  with  homy  or 
bony  plates.  In  Birds,  the  chelonian  and  ophidian  Reptiles,  and  Fishes, 
the  cutaneous  glands  appear  to  be  wanting ;  in  the  saurian  BepUles,  they 
are  small  and  few ;  in  the  Amphibia,  cutaneous  glands  of  a  peculias 
structure  are  very  abundant.    The  so-callei  gjLBAOa,  cfc  TnA.<s^xA  ^aaoa^^ 
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and  follicles,  along  the  lateral  line  of  fishes,  corresiwndinp:  with  the 
Savian  Ixxliesof  the  t<»rpedo,  are  believed  by  Leydig,  to  bo  really  sensoiy 
oFirnns,  eontaineil  in  drprt'ssionH,  or  canals,  formnl  in  the  integument. 
They  are  linwl  with  epithelium,  and  often  contain  a  knob- like  projection. 
abundantly  KUj)plii»d  with  nerves  derivtxl  from  branches  of  the  fifth  pair, 
(»r  of  the  pneumogahtric  nene.  Some  of  the  so-called  cutaneous  glands 
i)t'  the  Amphibia,  just  deK^rilM-d,  may  l*  of  a  similar  nature.  They 
niuist  bo  acted  on  by  irritating  solids,  fluids,  or  gases,  present  in  the 
water,  just  as  irritants  act  on  the  soft  tongues  of  the  mammalia;  they 
may  thus  give  warning  of  danger. 

In  the  soft  skinmnl  MoUusi^a,  Molluscoida,  Annelida,  and  Coelenterata, 
the  outer  layer  of  the  inti'gument  does  not  consist  of  flattened  epider- 
moid strales,  but  of  soft  spheroidal  cells  with  thick  walls,  often  covered 
with  a  structureless  membrane.  The  laminated  shells  of  these  animals, 
when  they  exist,  are  formal  by  the  calcification  of  a  nacreous  excretion 
from  the  surface  of  the  true  skin  beneath  the  thin  epidermis,  which  is 
Vest  seen  at  the  growing  margin  of  the  shell.  The  calcariK)us  sul«tance 
is  almost  entirely  carbonate  of  lime.  The  shell  of  the  tunicatwl  Mollns- 
eoida  is  fornuil,  not  by  excretion,  but  by  the  conversion  of  their  cellu- 
lose int(>gument,  into  structures  resembling  shell,  cartilage,  bone,  or  even 
dt»utine.   (Huxley.) 

The  calcareous  shell  of  the  larger  Crustacea,  the  homy  coverings  of 
otluTs,  the  chitinous  integument  of  the  Myriajx>da  and  many  of  the 
Insecta,  and  the  coriaceous  skin  of  the  Arachuida,  are  sub-epidermic 
stnictures,  fonneil  by  various  thickenings,  fibrillations,  calcifications,  and 
other  changes  of  the  epidermis,  and  of  certain  layers  excreteil  beneath 
it.    The  spines^  hair^,  and  microscopic:  scalos  of  Inscscts,  are  epidermic. 
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hyoid  bone,  and  the  styloid  pnoceaB  of  the  temporal  bone;  it 
is  also  connected  with  the  pharynx  and  soft  palate,  by  means 
of  the  anterior  and  posterior  pillars  of  the  fiinces ;  and  lastly, 
it  is  connected  to  the  epiglottis  and  neighbouring  parts,  by 
reflections  of  the  mucous  membrane  of  the  mouw.  A  fola 
of  this  membrane,  seen  beneath  the  tip  of  the  tongue,  torna 
the  frcmum  lingwx.  The  apex  of  the  tongue  is  thinner  and 
narrower  than  the  rest  of  the  organ ;  the  dorsum,  or  upper 
surfitce,  is  convex,  and  presents  along  the  middle  line  a  rar- 
row  called  the  raphij  which  ends  behind  in  a  depression,  the 
foroiMn  ccBCum. 

The  dorsum,  edges,  and  tip  of  the  tongue,  have  a  peculiar 
rough  appearance,  differing  altogether  from  the  smooth  cha- 
racter of  the  mucous  membrane  coTering  its  under  sur&oe 
and  the  rest  of  the  interior  of  the  mouth,  and  depending 
on  the  presence  of  little  eminences,  named  papilla.  These 
somewhat  resemble  the  papills  of  the  skin,  and  are  of  three 
kinds,  named  ^<efiUf<mn^Jungifarm^  and  drcumvalUUe  papillie. 

Fig.  70. 


:»^hf^ 


Fifir.  70.  Dia«rammatio  Tiew  of  the  pApiUn  of  the  tongue  (KOlIiker).  a. 
Aliform  papilla,  showinf(  ita  vaacidar  core  or  centre,  with  ita  aeoondaiy 
papillae,  buried  in  the  thick  epithelium,  which  enda  in  a  bruah,  of  hair- 
like character.  6,  fungiform  papilla,  with  ita  numeroua  aeoondaiy 
papilUe,  and  thin  epithelial  covering,  e,  oiroum¥aUate  papilla^  ita  secon- 
daiy  papilUe,  and  their  epithelial  covering. 

The  filiform  papills,  so  called  from  their  thread-like  shape, 
are  by  far  the  most  numerous ;  they  are  found  closely  set  over 
the  anterior  three-fourths  of  the  tongue,  being  especially  well 
marked  along  the  central  part ;  at  the  sides  and  tip,  they 
become  shorter,  and  are  arranged  in  oblique,  or  almost  tranir- 
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verso  p«irallel  ridges,  which  gradually  disappear  as  they  run 
to  the  under  siurfacc  of  the  organ ;  they  are  of  a  whitish  colour, 
boiu;^  covered  by  a  dense  and  thick  epithelium,  which  is 
divided,  at  the  apices,  into  a  brush  of  very  fine  filaments  (fig. 
70,  a).  They  are  set,  for  the  most  part,  with  a  slight  incli- 
nation backwards.  Their  use  is  mechanical,  and  they  aid  in 
the  tactile  sense,  but  not  directly  in  the  sense  of  taste. 

Tho,  ftuif/ifonn  pai)illa?,  so  called  because  they  are  expanded 
at  their  free  extremities,  are  scattered  irregularly  over  the 
dorsum  of  the  tongue,  (thiefly  over  its  anterior  half;  they  are 
not  so  numerous  as  the  filiform  papillro,  but  are  of  krger  size; 
they  are  of  a  deep  red  colour,  and  are  covered  by  a  thin 
soit  epithelium  (fig.  70,  b).  The  ciratmvallate  papillie,  also 
red,  and  covered  by  a  delicate  epithelimu,  are  still  fewer  in 
number,  varying  from  eight  to  fifteen,  but  they  are  the  largest 
in  size.  Each  is  placed  at  the  bottom  of  a  cup-shaped  depres- 
sion (fig.  70,  c),  so  as  to  be  encircled  by  a  little  furrow  or 
treneh,  wliich  l)eing  itself  surrounded  by  an  elevated  rim,  or 
diminutive  vallum,  has  given  rise  to  the  name  circumvallate, 
apj)lied  to  these  papillje.  They  occupy  the  back  part  of  the 
tongue,  forming  two  principal  rows,  like  the  letter  V,  with 
its  point  turned  backwards.  Numerous  large  and  soil  i>apilla), 
intei-mediiitc  in  form  between  tlie  eircumvalhitc  and  fungiform 
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Many  of  the  muBcnlar  fibres  of  the  tbiiga$,  pass  into  the 
mucouB  membrane  and  its  papillae,  preaenting  the  peculiarity 
of  dividing  and  sobdiyiding  before  they  enter  theee  parts. 
Both  the  compound  and  simple  papills  receive  yesBels  and 
nerves.  Each  papilla  contains  one  or  many  vascular  capillary 
loops,  according  to  its  size.  In  the  fungiform  and  circam- 
vallate  papiUss,  especially,  the  nerves  are  very  nomerons,  and, 
in  the  latter,  very  large ;  they  are  nsoally  said  to  terminate  in 
loops ;  but  it  is  possible  ihat  many,  at  least,  end  by  fine  free 
extremities,  a  mode  of  termination  Been  in  the  tongues  <tf 
some  animals. 

Each  half  of  the  tongue  is  supplied  by  three  nerves.  Of 
these,  two  are  sensory,  viz.,  the  lingual  or  guBtatary  branch  of 
the  inferior  maxillary  division  of  ^e  fifUi  cranial  nerve,  and 
the  lingual  branch  <^  the  glosso-pharyngeaL  The  former  is 
distributed  to  the  mucous  membrane  and  papillsB  at  the  fore- 
part and  sides  of  the  tongue,  the  latter  to  the  mucous  mem- 
brane at  the  base  and  side  of  the  tongue,  and,  it  is  said,  espe- 
cially to  the  drcumvallate  papillss.  The  remaining  nerve,  the 
hypoglossal,  or  ninth  cranial  nerve,  supplies  the  muscular  sub* 
stance  of  the  tongue,  and  is  the  motor  nerve  of  this  oigan. 

The  soft  palate,  its  central  depending  uvuloj  and  its  lateral 
arches,  or  pillars,  will  be  hereafter  described  with  the  other 
parts  concerned  in  deglutition.  Its  mucous  membrane,  which 
is  smooth  and  delicate,  and  provided  with  short  soft  papillae, 
and  numerous  glands,  is  supplied  by  branches  derived  firom 
the  superior  maxillary  division  of  the  fifth  cranial  nerves,  and 
also  by  branches  from  the  glosso-pharyngeal  nerves. 

Taste. 

The  true  sense  of  taste  in  the  tongue,  is  confined  to  the 
posterior  third  of  the  dorsum  of  that  oi^gan,  the  under  surfiice 
of  its  apex,  and  a  line  along  its  edge,  about  a  quarter  of  an 
inch  ^vidc.  It  is  most  marked  on  the  hinder  part  of  the  organ. 
It  also  resides  in  the  anterior  pillars  of  the  fiiuces,  the  soft 
palate  near  its  attachment  to  the  hard  palate,  and  ike  hinder 
l)ortion  of  the  latter.     (Stich  and  Klaatsch.) 

The  experiments  of  Reid  show  that  the  glosso-pharyngeal 
is  a  nerve  of  special  sense,  as  well  as  of  common  sennation,  and 
also  an  afferent  reflex  nerve ;  for  not  only  are  unmit>takeable 
signs  of  pain  produced  by  irritation  of  the  nerve  in  the  living 
animal,  but  division  of  udu  nerve,  on  the  two  sides,  destro^^ 
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the  power  of  taste  in  the  partB  of  the  toDgoe  mpplied  bf  it. 
Division  of  the  fifth  cranial  nenrea,  or  of  tiuar  gutataiy 
branches,  immediately  produces  loss  c^  oommon  wnsibililjr  in 
the  anterior  part  of  the  tongue ;  for  the  i^plioation  of  oaiufeic 
potash,  or  of  a  hot  iron  to  this  part  of  the  oi^gan,  in  tbe  Utjb^ 
animal,  does  not  then  give  rise  to  any  sign  of  pain.  Hie 
power  of  taste  in  the  forepart  of  the  tongue,  has  alao  been  aiid 
to  be  destroyed  by  division  of  the  fifth  nenre ;  bat|  aa  jut 
mentioned,  it  would  seem,  that,  except  at  ita  edgePi  and  be- 
neath its  apex,  parts  whidi  probably  receive  fiUunenta  firani 
the  glosso-pharyngeal,  the  forepart  c^  the  tongue  ia  natorally 
destitute  of  the  sense  of  taste.  Hence  the  apparent  loaa 
of  taste,  aftfT  division  of  the  fifih  nerveSy  may  hmve  been 
only  a  loss  of  common  sensibility  in  the  anixnala  «xpi*riHi«nt»ii 
on,  in  consequence  of  which,  sapid  bodies  no  longer  prodneed 
any  signs  of  sensation,  either  common  or  speciaL  There  is 
an  obvious  difficulty,  in  determining  very  preoiaely  wbedier 
an  animal  tastes  or  not.  In  cases  of  paralysiB,  in  man,  tairts 
lias  been  destroyed  without  the  oommon  sensibility,  and  the 
latter  has  been  lost  without  the  former.  Thia  would  ahow, 
either  that  different  nerves,  or  different  filaments  of  the  aame 
nerves,  minister  to  the  two  forms  of  sensation.  Whilst  it  it 
certain,   ilmt  ihe  glosso-pharvTJgeal  is  a  nervo   of   Ui:<u-\  tht^ 


CHABAGTER  OF  THE  SENSE   OF  TASTE.  479 

of  taste.  Contact  of  the  sapid  body  being  also  essential,  it 
is  necessary,  for  very  accurate  tasting,  that  this  contact  be 
perfect ;  hence,  a  substance,  if  solid,  must  be  pressed  between 
the  mobile  tongue  and  the  palate,  so  that,  ailer  it  has  under- 
gone solution,  it  may  diffuse  itself  over  the  whole  of  the 
gustatory  mucous  membrane.  In  this  way,  the  savours  of 
fruits,  and  the  flavours  of  wines,  become  remarkably  developed, 
afler  these  have  been  carried  over  the  whole  of  the  mucous 
surface.  A  short  time  must  elapse,  afler  contact  with  the 
tongue,  before  sapid  bodies  excite  the  sense  of  taste.  This 
varies  according  to  the  substance.  Saline  solutions  are  most 
quickly  perceived,  sweet  solutions  less  quickly,  then  acid,  and 
lastly,  bitter  substances.  Even  when  mixed,  different  sub- 
stances are  tasted  separately  and  consecutively.  It  is  inter- 
esting to  note,  that  the  so-called  colloid  bodies  which  have  a 
low,  diffusive  osmotic  or  dialy tic  power,  are  tasteless ;  whilst 
the  crystalloids,  which  dialyse  rapidly,  are  generally  sapid. 
(Graham.) 

Since  many  sapid  substances,  such  as  quinine  and  salt,  are 
inodorous,  the  sense  of  taste  must  be  regarded  as  independent 
of  smell,  as  it  is  of  touch,  or  of  the  sense  of  pain.  But,  in 
judging  of  the  flavours  of  different  substances,  we  are  assisted 
by  the  organ  of  smell,  for  many  flavours  are  incomplete  with- 
out the  help  of  the  olfactory  sense,  and  may  be  diminished  by 
closing  the  fauces,  so  as  to  shut  off  the  nose.  The  existence 
of  nasfil  polypi  also  interferes  with  taste.  Certain  odours  are 
imdoubtodly  confounded  with  taste.  Thus,  when  eating  garlic 
<^r  vanilla,  tlie  sensations  referred  to  the  gustatory  sense,  are 
no  longer  perceived  when  the  nose  is  kept  closed.  The 
vaj>onr  of  chloroform,  when  inhaled  through  the  nose,  conveys 
the  8(3nsation  of  an  odoriferous  substance,  although  it  is  a 
sa])id  body.  (Stich.)  Deglutition  necessarily  assists  in  the 
appreciation  of  tlie  taste  of  sapid  substances,  when  these  are 
grasped  by  the  fauces. 

The  sense  of  taste  is,  in  some  respects,  allied  to  the  sense  of 
touch.  In  the  first  place,  it  is  not  dependent  on  a  purely 
special  nerve,  for  the  cranial  nerves,  through  which  this  sense 
is  exercised,  are  also  common  sensory  nerves.  All  the  parts 
concerned  in  taste,  are  also  endowed  with  common  sensibility. 
Moreover,  for  the  perception  of  a  gustatory  impression,  it  is 
essential  that  the  sapid  body  be  brought  into  actual  contact 
with  some  portion  of  the  sensory  surface,  otherwise  gustatory 
impressions  cannot  be  excited.     The  same  is  true,  however^  oC 
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*:.t'  siMiso  of  siiu'll,  if  WO  rojrard  oilmirs  as  material.  LasT'.v. 
:;>  in  tin*  (\'i>o  nf  toiicli,  there  is  an  abs<.>nco  of  any  oomr-lex 

V  ■•'ipiciit  ai>paratus,  the  only  structurus  entering"  iuro  the 
liiiiiatioii  III'  the  ^u>tafoiy  snriaco,  boiiig  the*  iiiiicous  mcm- 
1  •liiic  cf  th«*  inouih,  wiili   its  lu-n'ous  ami  vascuhir  j\npil^a?, 

V  hieh  clnsi'ly  rt-soiuhh^  those  of  the  skin,  hut  are  more  deJicate. 
'I'lie  sense  of  t:istc  dilli.TS,  liowovor,  from  that  of  touch,  l»y 
'  •  iiii;  hniiletl  to  a  ]»articular  jx»rtio]i  of  tlio  surfaces  of  ihe 
i  cily,  aiul,  still  more  remarkably,  by  the  peculiarity  of  iti«  ex- 
( itin,2  causes,  whieh  arc  iipcciallii  dnmimtl  and  not  mechanical 
aiiiiits.  In  ibis  resj)ect,  as  already  mentioned  in  the  section 
111  Scns-itinn  in  •.••oneval,  taste  is  evidently  closely  allied  to 
.•:n.ll.  Tilt-  orL^ni  i>f  taste,  indeed,  shows  greater  resemblance 
;«»  tliat  »)f  tnui-li  in  structure,  than  in  funetiiai.  In  both,  \\\c 
](>(\ii  ai'jlicalinn  <»f  tlie  excitin^j  stimulaiu,  is  nocessjirv :  hut 
in  llie  (ine,  the  action  on  the  nerve  is  purely  physic;d,'and  i.'^ 
r..t  rely  tnin-^mitted  mechanieally,  throujirh  tlie  tissues  which 
v"V.  !•  iIm'  nerve  :  wjiilst,  in  the  other,  tlie  s,ipid  substance  must 
l;e  Ihiid,  or  dissolved,  must  penolratc  th<i  tissues  to  reacli  !:.e 
ji.rvcs,  and  must  exercise  some  very  s])CciaK  and  probablvche- 
niiral,  action  n]»on  them,  so  as  to  excite  the  ncrvcnis  enerL'V. 
]i..(Ii(s  dilTerin;^^  widely,  in  b(»t]i  thitir  physic^il  ami  chemical 
iiaMirc.  may  excite  allied  tastes,  as,  for  example,  brtter  salino 
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Some  substances,  when  introduced  into  the  mouth,  only 
excite  tactile  impressions,  and  hence  are  called  tasteless ;  au 
insoluble  bodies  belong  to  this  class.  Other  substances,  such 
as  sugar,  excite  both  tactile  and  gustatory  impressions ;  and  a 
third  class  of  bodies,  such  as  smelling-salts  and  volatile  oils, 
besides  producing  tactile  and  gustatory  impressions,  also  excite 
corresponding  odoriferous  sensations;  thus,  again,  showing 
the  alliance  between  taste  and  smell.  Lastly,  some  metals, 
when  placed  in  contact  with  the  mouth,  produce  no  impression 
on  the  gustatory  sense,  merely  exciting  tactile  and  odoriferous 
sensations.  Those  substances  which  act  on  the  gustatory 
sense,  are  caUed  sapid.  Of  these,  there  are  four  different 
kinds,  viz.,  the  sour,  the  saline,  the  bitter,  and  the  sweet ; 
tartaric  acid,  common  salt,  quinine,  and  sugar,  are  examples 
of  such  substances.  Solutions  of  sour  and  sweet  substances, 
are  said  to  be  best  distinguished,  when  they  are  applied  to  the 
tip  of  the  tongue,  whilst  saline  and  bitter  tastes  are  best  per- 
ceived, when  brought  in  contact  with  the  root  of  the  tongue. 
Acids  and  bitters  are  said  to  be  the  most  readily  detected  of 
all  sapid  substances;  then  saline,  and  lastly,  saccharine.  It  has 
been  found,  that  1  part  of  sulphuric  acid  in  10,000  of  water, 
and  1  part  of  sulphate  of  quinine  in  33,000  of  water,  can  be 
detected,  when  carefully  compared  with  piu*e  water.  (Valentin.) 
Sug^ir  cannot  be  tasted,  when  there  is  less  than  1  part  in  80 
or  90  of  water ;  and  of  common  salt,  1  part  is  necessary  in 
200  of  water. 

After  the  tongue  has  been  exposed  alternately,  in  succes- 
sion, to  two  or  more  allied  tastes,  the  gustatory  sense  becomes 
blunted,  losing  its  power  of  discriminating  between  them. 
This  is  probably  due,  in  part,  to  some  continuance  of  each  im- 
pression on  the  gustatory  nerves ;  but,  it  is  perhaps  principally 
dependent  on  small  portions  of  the  sapid  bodies  remaining 
dissolved  in  the  epithelial  coat.  The  discriminating  powers  of 
the  sense  of  taste,  are,  on  the  other  hand,  assisted  by  con- 
trasting different  flavours.  If  the  tongue  be  exposed  to  a 
temperature  much  above,  or  much  below,  the  normal  tempera- 
ture of  the  body,  both  its  tactile  and  gustatory  sense  become 
impaired  or  suspended.  Thus,  afler  immersion  of  the  tongue 
in  a  mixture  of  broken  ice  and  water,  or  in  water  at  a  tem- 
perature of  125°,  for  about  a  minute,  the  taste  of  sugar  cannot 
be  perceived,  and  the  tactile  sensibility  of  the  tip  of  the  tongue 
is  also  diminished. 

Gustatory  impressions  sometimes  arise  independently  of  the 
I  I 
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contact  of  ^pid  lK>die3  with  the  organ  of  taste.  A  iiOf  i 
piue  water  placetl  on  llie  tongue^  gii^@a  rise  to  a  aligiitlf  [ 
iivite ;  and  tlie  »ame  sens&tkm  Ib  cuvtsed  hy  toucliiTig  Its  ( 
Tj^^ir  the  YooU  with  a  dry  gla^a  rod.  A  cool  eoJIne  lasfii,  «niMi> 
what  resemblmg  that  of  iiitre,  is  produced  by  directing?  a  smiU 
current  of  air  on  to  the  tongue,  (Henle,)  El^cl^ciiy  ak' 
gives  rise  to  gustatorj  imprefisionSj  a  peculiar  anliiie  tafle 
being  caused  4  when  the  ijont  of  the  tOQgue  m  etitoiilated  b)' 
electrical  shocks ;  wliUst  a  constant  c\irrent  prodxtooi  m  aom 
tuate  at  the  poaitiye  pole,  and  an  alkaline  itiipi^@»0Q  at  tk 
negative  pole,  perhaps  from  decompf»fiition  of  the  ^'cretioiui d* 
the  mouth.  Indistinct  giistatt^ry  sensations  umj  lie  mdood 
hy  strileing  aharplj  and  lightly  the  lingual  pnipiilK.  i 
mecJjanicai  Btimulus  applied  to  the  fauces  mud  root  d  dil 
tongue,  induces  th  bitter  taste,  nnd  a  senRatioti  of  oati«^« 

The  senFc  of  ta^t^^  preset] ta  diiferent  degrees  c»f  devtdcipmest 
in  different  individuals,  being,  in  BQmQ,  much  more  acuut  i\a^ 
in  othen*.  IJke  the  other  senam^  it  ie  improved  b^  colu^*- 
tmtif  at  is  wdl  seen  in  the  case  of  wine-  and  tea-taaletm.  !» 
coldsp  and  digeasea  and  injuries  of  the  bniin,  tlie  sente  oif  ta^ 
is  loRt,  either  teraj>onirilj  or  permanently. 

Jinpr*.fi34oes  made  upoa  tbe  ienso  of  t3iat€,  rotuam  fill  i 
certain  time ;  those  prodiiced  by  §ome  gubgtance*8^  lasting  for  i 
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The  sense  of  sight,  as  is  well  known,  materially  influences 
the  gustatory  sense ;  for,  in  the  dark,  sapid  substances  lose  half 
their  relish. 

The  uses  of  the  sense  of  taste  are,  besides  that  of  impart- 
ing gratification,  chiefly  to  assist  in  the  choice  of  food.  This  is 
often  peculiarly  manifested  in  invalids  or  convalescent  persons. 

Hie  Organs  and  Sense  of  Taste  in  Animals. 

Amongst  the  Vertehrata,  the  sense  of  taste  is  probably  weU  developed 
in  all  Mammalia,  most  of  which  masticate  their  food,  and  so  retain  it 
long  enough  in  the  mouth,  to  enable  it  to  act  as  a  sapid  body.  The 
chief  organ  of  taste  is  the  tongue,  but  the  soft  palate,  as  in  Man,  may 
be  supposed  to  l)e  likewise  concerned  in  this  sense.  The  dorsum  of  the 
tongue  is  generally  very  rough,  and  frequently  presents  homy  papillse, 
or,  as  in  the  Camivora,  homy  recurved  spines,  wliich  aid  in  grasping 
the  food  in  mastication,  or  even  in  rasping  flesh  from  bones,  and  in 
cleaning  the  coat  of  the  animal  itself;  but  the  surface  at  the  root  and 
edges,  is  softer,  and  is  probably  more  actively  gustatory.  The  shape  of 
this  organ  presents  many  and  striking  varieties.  In  some  of  the  suc- 
torial bats,  it  is  singularly  modified,  presenting  a  circular  series  of  eleva- 
t  ioQK,  provided  with  proper  muscles,  and  forming  a  sucking  organ.  In  the 
ant-eater,  it  is  long,  slender,  and  worm-like,  and  can  be  protruded,  with 
great  swiftness,  for  a  distance  of  sixteen  or  eighteen  inches.  The 
tongue  of  the  Cetacea  generally,  is  broad,  and  only  slightly  moveable  ;  in 
the  herbivorous  species,  Sirenia,  it  has  a  complicated  papillary  surface ; 
])ut  in  the  zoophagous  kinds,  or  true  Cetacea,  it  has  neither  circumvallate 
nor  conical  papilhe,  but  merely  minut«  tactile  papillse ;  it  has  been  doubted, 
whether  these  animals  possess  the  sense  of  taste.  Some  Mammalia  have 
a  second,  or  even  a  third,  acccssoiy  tongue,  as,  for  example,  the  bears. 

The  organ  and  sense  of  taste,  appear  to  be  incomplet«lv  developed  in 
Birds^  which,  for  the  most  part,  swallow  their  food  quickly,  and  indeed, 
seem  to  be  rather  guided  in  their  choice  of  it,  by  the  sense  of  sight. 
The  tongue  usually  has  a  homy  covering  at  its  tip,  and  is  destitute  of 
papillae,  except  near  its  base.  In  the  parrots,  however,  the  tongue  is 
roundish,  large,  and  fleshy,  and  is  covered  with  papillse ;  in  the  flamingo, 
it  is  also  large,  soft,  and  papillated.  In  a  few  species,  it  is  cleft  at  the 
point,  as  in  the  ravens.  This  organ  often  presents  peculiarities  con- 
nected with  its  use  in  the  taking  of  food ;  thus,  in  the  humming  bird,  it 
is  rolled  into  a  sucking  tube,  and  terminates  in  hair-like  filaments  for 
retaining  the  nectar  of  flowers  ;  in  the  toucan,  it  is  fringed  with  bristly 
processes  for  trj-ing  the  ripeness  of  fruit ;  and,  in  the  woodpeckers,  it 
IS  ])arbed  with  inverted  processes  for  seizing  insects. 

In  Reptiles,  the  tongue  also  appears  to  be  rather  a  tactile  than  a 
gustatory  organ,  for  they  almost  all  swallow  their  food  immediately  it 
has  been  seized;  so  that  the  sense  of  taste  is  probably  quite  subor- 
dinate. The  chameleon  has  a  verj-  large  tongue,  which,  when  protmded, 
is  worm-like  in  shapt* ;  it  possesses  a  central  canal,  and  terminatee 
anteriorly,  in  a  club-shaped  extremity,  smeared  over  with  a  viscid  secre- 
tion; when  darted  out  after  prey,  it  appears  longer  than  the  whole 
body  of  the  animal.    In  the  crocodiles,  the  tongue  is  closely  e.UAftVi«^V^ 
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the  floor  of  the  month;  bat  in  tht  <ihiJwiii»  mpSIm^  it  £■  Ahl  V» 
n1  tnnpn:  fa  till  Imil  twIwiiML  fc  h  ift 


Ik 


turtles  YukTB  a  small  and  haid  tongQe; 
and  papillated,  and  is  nndoabtedly  endowsd  vith 
In  the  Ophidia,  and  in  the  small  limdt«  the 
lodged  in  a  sheath,  from  which  it  oaa  be 
quivering  motion. 

Amongst  the  Amphibia,  the  toogae  is  toft ;  it  lits 
mouth,  both  in  the  £rog  and  toad,  am  is  wed  as  a  _ 
structure  of  the  lingual  pamlbe,  and  esDeeiaQj  tha  mode  of 
of  their  nenres,  hare  been  dossier  stodiea  in  the  ftoff.  ^yaoBM^iiiahiUv 
that,  in  the  large  fui^fortn  papilla,  tlifi  Qerf{?««  end  m  ine  fibrw^  wlu^ 
Arc  atta«;hed  to  thi^  1^a$c«  of  th«  hkrge  t^muctal  ni>neiliai«d  fpthdist 
ceQs,  whilst  the  mmified  mufM^tilar  fibn^  join  the  elliated  «pitheliuiii  AC 
the  bftfte  of  the  papil]ii&.  (Stilling*  W&Uer,)  It  ha.9  als?  he^a  st&iaL 
thiit  the  ncT^ea  e<ad  In  mLrrow  ccllsi  or  fftd^,  whieh  p^AS  up  Co  tibi 
purfftce*  bctit^e*n  the  trup  epithelial  cells.  (Aiel  Ker.^  We  shall  finds 
simile  structure,  iuid  thm  h  &a  toturestit^  fact,  in  the  ol£aeti>rr  mwn« 
membrane  of  the  nose.  The  iem  perfect  Amphibia,  sudi  m»  the  ptotc^ 
and  Biren,  appear  to  he  di^ti^t^  of  &  taagne. 

Sa  Pishes  gsn^mllj,  the  iens^a  of  Xw^le  ih  probablj  but  imperffctl^ 
deToloped,  even  if  it  exist.  Some,  indeed,  have  ao  tongue  at  all:  ft^ 
tb#y  holt  their  food  instantsneouflljf  as  it  i«  taken^  fio  that  ttiegoftatoij 
BeoisiMlity,  if  present,  must  be  ««8ted  in  the  Dftlate  and  fauc«s.  OtbeK 
posHew  a  laT|re  ton^e,  whkh  prfMsntB  prebenelle  tooth  rather  this 
sensoirj  pApill^. 

A  sense  of  taateT  or,  at  all  ^TCDtn,  a  power  of  discrimiimtiiig  prof^ 
food,  would  seem  to  b«  prasent  in  moat,  if  ntit  all,  of  the  EWMi^yartebWii 
Huimalt!,  even  iu  the  Infu^ma,   m&nj  of  which  appear  Ut  ememm  • 
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roof;  its  cellular  lateral  portions,  3,  constitute  the  convoluted 
sides  of  the  upper  part  of  the  cavity ;  whilst  its  median  septum, 
4,  assists  in  forming  the  partition  which  divides  one  nasal  fossa 
fh)m  the  other.  The  fore-part  of  the  fossae  is  completed,  at  the 
sides  and  in  the  median  line,  by  the  nasal  cartilages,  fig.  71, 
4,  which  are  adapted  to  the  margin  of  the  great  nand  aperture 
seen  in  the  bones,  as  well  as  to  tibe  bony  septum.  These  carti- 
lages give  form  and  stiffiiess  to  the  visible  part  of  the  nose ; 
they  are  provided  with  certain  small  subcutaneous  muscles. 
The  nasal  fossae  open  anteriorly,  by  the  apertures  called  the 
anterior  narea,  or  nostrils,  which  are  provided  with  short  hairs, 
or  vibris8(By  to  prevent  the  introduction  of  coarse  foreign  bodies. 
Behind,  the  fossae  open,  by  two  orifices,  called  the  posterior 
nareSy  into  the  upper  part  of  the  pharynx,  see  fig.  73.      The 

Rg.  71. 


Fig.  71.  Lateral  view  of  the  bones  and  cartilages  of  the  nose.  1,  left  i 
bone.  2,  ascending  part  of  the  superior  maxillaiy  bone.  8,  lachrymal 
groove  for  the  lodgment  of  the  lachrymal  sac  4,  cartilages  of  the  side, 
and  alas  of  the  nose.    (Arnold.) 

side  of  each  fossa,  next  the  middle  line  or  septum  (^g.  72,  4, 5) 
is  smooth;  but  the  outer  side  is  more  or  less  convoluted,  owing 
to  the  presence  of  three  delicate,  shell-like  bony  expansions 
(fig.  73),  viz.,  the  upper,  2,  and  middle,  3,  turbinated  portions 
of  the  ethmoid,  and  the  lower  independent  turbinated,  bone,  4. 
Below  each  turbinated  bone,  is  a  longitudinal  recess,  named 
a  meatus.  These  three  meatuses^  naoied  superior^  middle^ 
and  inferior^  communicate  with  certain  cavities,  called  sinuses^ 
formed  in  the  ethmoid,  sphenoid,  fiN)ntal,  and  upper  jaw- 
bones. 

At  the  anterior  nares,   the  skin  which  covers  the  nose 
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externally,  is  continuous  with  a  liniDg  membrane,  called  tbe 
/msat  7mtcoiis  rnembranCj  pituitary^  or  Schnetderian  tnemhraney 
wliiih  linos  the  interior  of  every  port  of  the  misal  foase,  and 
spiT(!tos  a  ihiid  named  pituita.  This  membrane,  besides  he- 
iiig  continuous  with  that  lining  the  phar}'iix  and  the  Eustachian 
tubes,  is  also  extended  into  the  several  ainuses  just  mentioned ; 
uiureover,  it  'm  prolonged,  on  eat-h  eide,  through  a  small  canali 
kiuling  from  the  nasal  fosj^ai,  into  the  lachrymal  sac,  and  ihuA 
hecomea  continuous  with  the  conjunctiva,  or  mucous  mem- 
brane of  the  eyelids. 

The  nasal  mucous  membrane  variea  in   different  regions. 
Fir^tj  there  ia  a  lower  region j  in  the  neighbourhood  of  the 
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ciliated  epithelium.  Thirdlj,  there  is  an  upper  region,  very 
narrow^  from  side  to  side  (flee  ^g,  72),  and  corresponding 
with  the  roof,  and  the  ethmoidal  portion  of  the  convoluted 
sides  and  septum,  where  the  mucous  membrane  is  pulpj,  of 
a  yellowish-brown  colour,  provided,  in  its  upper  part,  with 
peculiar  short  glands,  somewhat  like  the  sebaceous  glands  of 
the  skin,  and  covered  with  cylindrical  or  columnar  epithelial 
cells,  having  flattened  ends,  but  being  destitute  of  cilia. 
Between  the  cells  of  this  epithelium,  are  found  other,  finer, 
spindle-shaped  columns,  or  rods,  which  are  of  a  varicose  shape, 
and  project  beyond  the  surface ;  they  are  named  the  olfactory 
cells.  (Schultz.)  Lastly,  the  various  sinuses  connected  with 
the  nasal  fossee,  are  lined  by  a  thin,  red,  smooth,  ciliated  mucous 
membrane.  The  lining  membrane  of  the  lower  region  next 
to  the  nostrils,  is  usually  dry ;  whilst  that  of  the  other  two 
regions,  and  of  the  sinuses,  is  constantly  moist,  either  with 
simple  mucus,  or  with  the  special  secretion  of  the  small  glands 
in  the  upper  region.  The  lower  region  is  also  the  thinnest, 
and  least  vascular ;  the  sinuses  are  much  more  so ;  whilst 
the  upper  and  middle  regions  are  thicker  and  more  vascular, 
especially  over  the  turbinated  bones. 

The  nerves  supplying  the  nasal  mucous  membrane,  are 
derived  from  three  sources.  First,  from  the  nasal  and  anterior 
dental  branches  of  the  fiflh  pair  of  cranial  nerves,  which  are 
distributed  to  all  its  parts ;  secondly,  from  the  vidian,  naso- 
palatine, descending  palatine,  and  spheno-palatine  branches 
of  the  sympathetic  nerve,  which  also  probably  have  a  general 
distribution  ;  thirdly,  there  are  the  terminal  branches  of  the 
first  pair  of  cranial  nerves,  or  olfactory  nerveSy  ^g.  73,  2. 
The  latter  proceed  from  the  olfactory  lobes,  1,  within  the  cra- 
nium, and  pass  through  the  small  openings  in  the  sieve-like 
plates  of  the  ethmoid  bone,  to  gain  the  upper  part  or  roof  of 
tlie  nasal  fossce.  They  are  about  twenty  in  number,  and  are 
arranged  in  each  fossa,  in  three  groups,  one,  which  supplies  the 
roof,  another  distributed  on  the  surface  of  the  cellular  part  of 
the  ethmoid  bone,  2,  3,  as  low  down  as  the  middle  turbinated 
bone,  whilst  an  inner  group  spreads  out  on  the  upper  third 
of  the  nasal  septum.  The  branches  of  these  nerves,  every- 
where form  a  close  net-work ;  they  are  composed  of  smaJl, 
soft,  nucleated,  grey,  or  non-meduUated  nerve  fibres,  having 
no  white  medullated  fibres  amongst  them ;  their  ultimate 
fibrillse  are  said,  by  Schultz  and  others,  to  join  the  rod-like 
bodies,  named  the  ol&ctory  cells,  which  are  found  between  the 
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ordinary  epithelial  cells.  Through  these  cells,  which  ire 
r(gfircle<l  by  Schultz  as  nervous  structures,  or  bi-polar  nerre- 
cells,  the  ends  of  the  olfactory  nerves  are  believed  to  reach 
the  fery  surfac<B  of  the  membrane,  in  the  toTUi  of  delJ<at« 
threads^  which  project  between  the  ordinary  epithelial  cells, 
and  are  tept  conatantiy  moistaned  by  the  secretians  of  the  part. 
0(  the  tiiree  regions  of  the  nasal  fosaaj,  the  tapper  one  alone, 
which  corresponds  with  the  narrow  part  to  whieh  the  olfectoij 
nerve  is  tiistribi  ited^  Is  the  true  olfactort^  region  or  seat  of 
j^jurll ;  the  iriiddle  region,  ciliated  like  the  rest  of  the  air- 
|tasi!;ages»  may  be  regarded  as  the  re^imtor^  part  of  tie  nose^ 
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prolong  ol&ctory  impressions ;  they  chiefly  aid,  however,  in 
providing  moisture  for  the  interior  of  the  fossae.  Even  the 
lachr3nnal  secretions,  or  tears,  having  performed  the  office  of 
moistening  the  eye-balls,  pass,  through  the  canal  already  men- 
tioned, into  the  nasal  fosse,  and  serve  a  similar  purpose. 

Odours. 

It  is  not  yet  known  why  certain  bodies  are  odorous,  and 
others  not.  As  regards  the  physical  condition  proper  to 
odorous  bodies,  it  is  certain,  however,  that  most,  if  not  all,  are 
volatile,  or  else  actually  aeriform  or  gaseous,  at  ordinary  tem- 
peratures ;  but  all  volatile  bodies,  or  bodies  capable  of  as- 
suming the  form  of  vapour,  are  not  necessarily  odorous,  as, 
for  example,  water.  Certain  bodies,  or  fine  particles  of  them, 
conveyed  mechanically  through  the  air  to  the  nose,  may  cause 
smell,  either  on  being  dissolved  in  the  fluids  of  the  nose,  or  by 
being  previously  volatilised,  or  by  giving  off  odorous  effluvia, 
which  are  then  dissolved  in  the  fluids  of  the  nose. 

Tlie  chemical  constitution  of  odorous  bodies,  offers  no  certain 
explanation  of  this  peculiar  quality.  For  example,  some  ele- 
mentary substances,  as  chlorine  and  copper,  produce  the  sensa- 
tion of  smell,  whilst  others,  as  nitrogen  and  silver,  do  not;  again, 
of  allied  chemical  substances,  such  as  the  salts  of  copper  and 
silver,  the  former  are  odorous,  whilst  the  latter  are  inodorous. 
As  a  rule,  imperfectly  oxidised  substances,  or  those  which 
have  a  tendency  to  further  oxidation,  such  as  essential  oils, 
have  a  strong  odour;  but  even  a  most  perfectly  oxidised 
body,  such  as  carbonic  acid,  possesses  an  odour,  though  this 
may  rather  depend  upon  its  irritating  property,  when  it  is  of 
a  certain  strength ;  for,  if  diluted,  it  has  no  smell.  Many  per- 
fectly oxidised  bodies  do  not  smell  at  all,  as,  for  example, 
water;  some  smell  very  slightly,  as  sulphuric,  phosphoric, 
and  chloric  acids.  Hyper-oxygenated  bodies,  if  volatile,  as 
peroxide  of  hydrogen,  produce  a  peculiar  odour,  but  not  if 
they  are  fixed,  like  the  peroxides  of  barium  and  manganese. 
Ozone,  whether  it  be  a  polarised  condition  of  oxygen,  of  oxy- 
gen combined  with  itself,  or  in  some  other  state,  possesses  a 
very  remarkable  pungent  odour.  It  is  remarkable,  that  hydro- 
gen, the  lightest  and  most  diffusible  element  with  whidi  we 
are  acquainted,  produces,  when  in  combination  with  all  other 
elements,  excepting  oxygen,  the  most  powerful  odorous  bodies 
with  which  we  are  &nuliar.     Thus,  with  nitrogen,  it  .forma 
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tho  punpont  substanco,  ammonia ;  with  chlorine,  hydrochloric 
acid  ;  with  oy ano«;eii,  a  hyi>othetical  radical  composed  of  carbon 
aii«l  nitn)g(Mi,  botli  o("  which  are  inodorous,  hydrocyanic  acid; 
with  car})Oii  only,  thn  carburetted  hydrogens  (coal-gas,  and 
iiiarsh-gjis)  ;  with  ])hos|»horu8,  phoaphurctted  hydrogen;  and 
with  sulphur^  su1]ihuretteil  hydrogen.  All  these  compounds 
are  relatively  unstable,  and  prone  to  oxidation.  With  oxygen 
in  (Mjual  ])ru])ortions,  liydrogen  forms  the  inodorous,  though 
vnlatilizabh'  body,  water. 

Altln)ii«:]i,  then,  nrither  the  phy.sical  nor  the  chemical  con- 
ditions of  matter,  which  are  diBtinctivc  of  odorous  bodies,  can 
l)r  clearly  (h'fhunl,  volatility  on  the  one  hand,  and  a  condition 
ordnMnical  instability,  especially  that  of  imperfect  oxidation. 
on  the  other  hand,  are  probably  the  two  most  general  charac- 
teristics of  odorous  bodies. 

If  the  cause  of  odour  generally  is  but  little  known,  still  less 
an?  the  (jnnlitniive  characters  of  different  odorous  bodiess  and 
tho  causes  v[^  the  varieties  of  smell,  understood.  In  this  part 
of  the  inquiry  we  are  met  with  singular  peq)lexitio8  and  con- 
tradictions; thus,  Iwdics  differing  much  in  nature,  have  simi- 
lar kinds  of  odotir  ;  as,  for  example,  garlic  and  the  vapour  of 
arsenic,  as  this  becomes  changed  into  arsenious  acid  ;  phos- 
phorus, also,  haft  a  garlicky  smelL  At  present  idl  atteenptB  1 
lii^i^ifv  odour  ft  are  futile.     The  Quantitative  power^  prints 
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muak,  at  the  commencement  and  end  of  so  long  a  trial,  should 
be  accuratelj  determined,  otherwise  it  becomes  quite  value- 
less, even  though  other  many  obvious  causes  of  fallacj  be 
eliminated.  Moreover,  strongly  odorous  bodies,  such  as  tur- 
pentine or  ether,  do  positively  waste,  so  that  the  inference, 
at  present,  is  in  &vour  of  the  actual  transmission  of  material 
particles  through  the  air,  imtil  they  are  brought  into  contact 
with  the  nasal  mucous  membrane.  The  interposition  of  a 
solid  body  between  an  odorous  substance  and  Uie  nose,  pre- 
vents the  transmission  of  the  odoiu*,  which,  therefore,  cannot  be 
conducted,  like  sound,  by  vibrations,  nor,  like  light,  by  undu- 
lations. Odorous  emanations  are  capable  of  being  absorbed 
by  porous  substances  or  materials,  such  as  cloth,  especially,  it 
is  said,  by  dark  cloths,  which  are  therefore  imsuited  for  medical 
men  and  nurses  in  fever  hospitals.  When  absorbed  by  fresh 
animal  charcoal,  odours  are,  like  the  compound  gases,  partially 
subjected  to  decomposition  by  a  process  of  slow  oxidation. 

Smell. 

Every  portion  of  the  nasal  mucous  membrane  possesses 
common  sensibility  and  its  modifications,  being  alike  capable 
of  receiving  impressions  of  touch,  temperature,  and  pain. 
This  is  owing  to  the  presence  of  the  branches  of  the  Mh  pair 
of  nerves.  It  is  probable  even,  as  already  hinted,  in  speaking 
of  c«'irbonic  acid,  that  many  strong  vapours,  such  as  ammonia, 
acetic,  and  otlier  volatile  acids,  pot  merely  affect  the  true 
nerve  of  smell,  but  also  the  branches  of  the  fiflh  nerve,  causing 
that  combination  of  odour  and  irritation,  which  characterises 
the  so-called  pricking  or  pungent  odours.  These  substances 
appear  indeed,  to  act,  when  highly  diluted,  as  odours,  but  when 
less  diluted,  or  concentrated,  as  irritants,  just  as  they  act  on 
the  cutis,  and  excite  a  pricking  or  smarting  sensation  when 
the  cuticle  is  removed. 

The  sense  of  smell  proper,  however,  is  shown,  by  the  following 
facts,  to  be  dependent  on  the  action  of  the  olfactory  nerves, 
and  of  the  special  olfactory  lobes  or  centres.  First,  the  size  of 
these  nerves  and  lobes,  in  animals  distinguished  for  their  per- 
fect sense  of  smell ;  secondly,  the  abimd^t  distribution  of  the 
nerves  in  the  upper  part  of  the  nose ;  thirdly,  the  absence  of 
the  sense  of  smell  in  congenital  deficiency  of  the  olfactory  lobes 
and  nerves,  of  which  an  instance  occiured  in  a  street  scavenger 
at  Leipsic ;  fourthly,  the  loss  of  the  sense  of  smell  in  diseases 
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air»'('ting  tlio  olfactory  lobes,  and  the  upper  or  olfactory  r^cm 
of  the  nose  ;  and  lastly,  the  similar  loss  of  smell,  following  the 
division  or  dostmction,  of  tliese  lobes  in  animals.  This  expe- 
riment is  most  easily  performed  in  young  aiiunals.     (Biffi.) 

It  wjis  found  by  Magcndie,  that  dogs  in  which  the  olfactory 
nerves  bad  been  destroyed,  still  setirchcd  for,  and  discovered, 
221  exit.  This  fiK3t,  he  thoughti  justified  the  extreme  oondu^ioii 
that  the  olfactory  nerves  were  not  in  any  way  concerned  iji 
SDidl ;  but  it  is  rather  to  be  explained,  by  refereoce  to  the  in- 
slincfc  and  liaViitfi  of  the  dog,  which  would  load  it  to  search  for 
iood,  even  though  it  could  not  smelL  Paralysis  of  the  fifth 
cniniol  nerve,  diminiaheB  the  healthy  secretion,  of  the  na^ 
mucous  membrane^  and  so  interferes  with  the  mnm  of 
BmelL. 

The  conditions  necessary  to  EmelliDg,  are  these.  First,  the 
trnusportation  through  the  air  of  the  odorous  particlea,  in  the 
muruier  aheady  mentioned,  to  the  nose;  this  is  more  rapid 
when  the  air  ia  in  motion,  and  takes  place  in  the  direction  of 
til  fit  motion.  Secondly,  the  solution  of  the  odorous  particle 
in  the  moisture  of  the  olikctory  mucous  membrane.  Thirdly, 
tUt^r  passage,  by  means  of  diffu^on,  into  the  substance  of  the 
extremities  of  the  oUactory  nerves,  which,  as  already  men* 
t  ton  Oil,  approach  to,  or    even   reach »   the   epithelial   surface 
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odoTOUH  particles  into  the  nose.  In  ordinary  expiration,  smell 
is  almost  entirelj  absent;  but  if  the  mouth  be  filled  with 
tobacco  smoke,  or  the  vapour  of  chloroform,  and  this  be  forced 
from  the  pharynx,  through  the  posterior  nares,  into  the  nasal 
fossae,  its  characteristic  odour  is  at  once,  though  less  distinctly, 
perceived.  The  act  of  inspiration  is,  however,  essential  as  a 
mechanical  aid ;  for  holding  the  breath  prevents  the  exercise 
of  the  sense  of  smell.  In  gentle  inspiration,  odours  are  &intly 
perceived ;  in  strong,  quick  inspirations,  as  in  sniffing,  to  ap« 
predate  the  odour  of  wines  or  flowers,  or  very  feint  odours, 
they  are  most  acutely  perceived,  because  a  laiger  quantity  of 
the  odorous  substance,  passing  by  the  middle  and  lower  re- 
gions, impinges,  in  a  given  time,  with  a  certain  force,  upon 
the  olfectory  region ;  the  upward  direction  of  the  stream  of 
air  thus  inhaled,  carries  it  at  once  to  that  part  of  the  nose. 
Hence,  too,  closing  one  nostril  diminishes  the  force  of  odorous 
impressions.  The  presence  of  large  polypi  in  the  nose,  de- 
stroys smell.  In  quiet  breathing,  the  air  passes  chiefly  through 
the  lower  and  middle  regions  of  the  nose,  viz.,  tlurough  its 
respiratory  portion,  and  only  a  limited  quantity  reaches  the 
upper  or  olfactory  region ;  whilst,  in  stronger  inspirations, 
the  stream  of  air  is  drawn  upwards,  a  movement  said  to  be 
fevoured  by  the  form  of  the  inferior  turbinated  bones. 

Tlie  natural  moisture  of  the  mucous  membrane  is  indis- 
pensiible  to  the  exercise  of  smell.  The  secretion  of  the  nasal 
glands  is  abundant ;  it  is  slightly  alkaline,  but  otherwise  its 
nature  is  unknown.  From  the  depth,  protected  character,  and 
poaition  of  the  olfactory  region^  out  of  the  course  of  the  respi- 
ratory air-current,  its  moisture  is  preserved  from  evaporation; 
tills  is  also  checked  by  the  copious  supply  of  mucus  from 
the  nasal  fossa;  and  their  communicating  sinuses,  and  by 
the  continuous  lachiymal  secretion.  These  fluids  also  serve 
to  charge  the  inspired  air-current,  with  a  due  proportion  of 
moisture.  The  necessity  for  the  moist  condition  of  the  ol- 
factory membrane,  is  shown  by  the  absence  of  smell  when 
this  is  more  than  ordinarily  dry,  as  in  certain  stages  of  a 
cold.  In  perfectly  dry  air,  odours  are  perceived  with  difficulty. 
The  opposite  condition,  of  too  great  an  amount  of  moisture, 
as  in  other  stages  of  a  cold,  is  also  unfevourable  to  smell. 
The  deficiency  of  smell,  noticed  after  certain  surgical  opera- 
tions, in  which  the  nerves  regulating  the  secretion  of  the  nasal 
mucous  membrane  have  been  divided,  may  also  be  due  to  the 
unusual  state  of  dryness  of  the  membrane,  which  enauea  \uA<gst 
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those  circumstances.  In  all  these  abnormal  conditions,  how-* 
ever,  the  loss  of  smell  may  be  owing  to  inflanmiation,  or  some 
other  change  in  the  membrane  or  its  nerves. 

In  reference  to  the  necessity  for  the  presence  and  co-ope- 
ration of  oxygen  for  the  exercise  of  the  olfactory  sense,  and 
for  some  oxidation  of  the  odorous  substance  on  the  Bwr&oe  of 
the  nasal  mucous  membrane,  it  has  been  stated,  that  odours 
are  imperceptible,  when  inspired  mixed  with  carbonic  acid  or 
nitrogen;  but,  in  the  former  case,  the  excitability  of  the 
ol&ctory  nerves  may  be  suspended  by  the  specific  action  of 
the  carbonic  acid ;  and,  in  tSie  latter  case,  careful  observation 
has  shown,  that  some  sense  of  smell  is  still  retained.  This, 
however,  may  be  due  to  oxygen  already  dissolved  in  the  fluids 
of  the  nose ;  and  it  is  difficult  to  inhale  pure  nitrogen  suffi- 
ciently long,  to  avoid  this  source  of  fellacy,  without  risk  to  life. 
The  remarkable  pungency  of  ozone,  suggests  the  possibility, 
that,  even  if  odorous  substances  be  not  oxidised  at  the  sur&oe 
of  the  membrane,  and  so,  whatever  their  nature,  be  rendered 
soluble  in  the  nasal  mucus,  yet  ordinary  oxygen  may  operate 
as  a  special  stimulant  to  the  excitability  of  the  olfactory  nerves, 
and  thus  increase  the  intensity  of  the  sensation. 

Whether  odorous  substances  are  first  oxidised  or  not,  some 
chemical  reactions  probably  occur  between  them  and  the 
substance  of  the  olfectory  nerves ;  and  these  reactions,  of  the 
nature  of  which  we  are  entirely  ignorant,  are  probably,  more- 
over, of  some  special  nature,  in  the  case  of  each  distinct  odour. 
In  this  way,  we  might  account  for  the  differences  between 
different  smells.  Various  irritants,  such  as  mustard,  and 
acetic  acid,  produce  quite  similar  impressions  upon  the 
nerves  of  common  sensation,  as,  for  example,  when  they  are 
applied  to  the  denuded  cutis ;  but  these  two  substances,  and 
all  others  having  different  odours,  produce  distinct  impressions 
of  smell.  Hence,  not  only  do  different  odours,  most  likely, 
produce  different  chemical  effects  on  the  olfactory  nerves,  but 
these  nerves,  and  their  nervous  centres,  must  experience  special 
physiological  reactions  in  the  discrimination  of  different  odor- 
ous substances.  Our  knoAvledge  concerning  this  apparently 
very  simple  sense  is,  however,  extremely  limited. 

It  has  been  said  by  some,  but  is  doubted  by  others,  that 
mechanical  irritation  can  produce  odorous  impressions  on  the 
olfactory  nerves.  Direct  mechanical  irritation  of  the  olfactory 
nerves,  causes  neither  pain  nor  reflex  movements;  but  irritation 
of  the  nasal  branches  of  the  fifth  pair,  is  followeid  by  pain  and 
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reflex  movements.  The  galvanic  or  other  form  of  electrical 
stimulus,  produces  a  sensation  of  tickling,  and  sneezing.  It 
has  been  said  that  galvanism  excites  an  ammoniacal  smell, 
vrhen  the  negative  pole  is  applied  to  the  ol&ctory  membrane, 
but  an  acid  smell,  when  the  positive  pole  is  employed.  (Muller.) 
These  effects  may  be  owing  to  chemical  decomposition  of  the 
mucus;  and,  according  to  general  authority,  the  electrical 
stimulus  does  not  directly  excite  the  special  properties  of  the 
olfactory  nerves. 

The  acuteness  of  smell,  in  regard  to  certain  substances,  is 
very  remarkable,  tj.Wij^  P^^t  of  ammonia,  ^^^^^th  part 
of  bromine,  y.TjW.innr^  P*"^  ^^  sulphuretted  hydrogen, 
and  even  T7.77ir}r.Tnnr^^  P*^'  ^^  musk,  being  perceptible  when 
mixed  with  common  air.  Odorous  impressions  are  quickly 
blunted,  and  arc  of  very  short  duration.  It  has  been  con- 
jectured, that  we  do  not  perceive  double  sensations  of  smell 
from  the  two  nostrils,  because  of  the  plexiform  arrangement 
and  non-medullated  structure  of  the  olfactory  nerve  fibres ; 
but,  to  tliis,  it  may  be  objected,  that  we  can,  by  attention, 
discriminate  the  sensation  conveyed  through  each  nostril,  even 
w^hen  the  same  odour  is  presented  to  both ;  and,  moreover, 
when  different  odours  are  presented  to  the  two  nostrils,  we  do 
not  perceive  a  combined  impression  or  sensation ;  but  each 
smell  is  alternately,  or  separately,  perceived.  The  olfactory 
sense,  like  the  other  senses,  varies  in  different  persons,  both 
as  to  its  quantitative  and  qualitative  character,  some  having 
the  sense  obtuse,  and  others  acute,  in  regard  to  aU  odours, 
sonic  discriminating  particular  faint  odours,  as  those  of  certain 
flowers  or  fruit,  and  others  not  being  able  to  perceive  them. 
The  sense  may  be  trained,  by  exercise  and  attention,  alter- 
nating with  due  intervals  of  rest,  and  abstinence  from  the 
action  of  the  same  odour.  On  the  other  hand,  it  may  be 
blunted,  by  the  habitual  presence  of  any  one  odour,  at  least, 
as  regards  that  odour  itself.  Why  certain  odours  are  agree- 
able, and  others  disagreeable,  to  persons  generally,  is  not 
known ;  in  the  case  of  individuals,  the  utmost  diversity  pre- 
vails in  tliis  respect,  habit  especially,  being  a  second  nature. 

Whether  ajler  smells  due  to  states  of  the  nerves,  occur  simi- 
larly to  afler  tastes,  is  difficult  to  decide,  for  particles  of  odorous 
substances  retained  on  the  mucous  membrane,  may  cause  pro- 
longed sensations.  Subjective  sensations,  due  to  changes  in  the 
composition  of  the  blood,  or  to  disturbances  in  the  circulation 
through  the  olfactory  nervous  centre,  have  been  lesA  CA2»Tfikm!^\^ 
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observed  in  r^ard  to  smell  than  to  the  other  senses.  Maniacal 
persons,  however,  often  complain  of  disagreeable  odours. 

The  sense  of  smell  is  allied,  not  only  by  its  chemical  and 
physical  phenomena,  but  also  physiologically,  to  the  sense  of 
taste.  It  ministers  but  little  to  the  intellectual  Acuities  of 
man,  but  rather  to  his  bodily  wants,  aiding  him  in  determining 
his  choice  of  food,  and  of  such  products  of  the  animal,  vege- 
table, or  mineral  world,  as  are  agreeable  to  this  partictdar 
sense;  and  often  teaching  him  to  avoid  injurious  or  dis- 
agreeable substancp^,  especially  gases  and  vapours.  It  is,  in 
particular,  the  sanatory  sense,  serving  to  test  the  air  we 
breathe,  and,  if  duly  attended  to,  warning  us  of  the  deleterious 
emanations  from  decomposing  organic  matter. 

Smell  is  very  acute  in  certain  uncivilised  tribes,  as  amongst 
the  Peruvian  Indians,  who  can  distinguish,  by  it,  in  the  dark, 
persons  of  different  races.  It  is  recorded  of  James  Mitchell, 
who  was  born  blind  and  deaf,  and  was  necessarily  dumb,  that 
he  could  distinguish  persons,  and  recognise  strangers,  by  the 
sense  of  smell. 

The  Organs  and  Sense  of  Smell  in  Animals. ' 

The  sense  of  smell  is  undoubtedly  very  generally  possessed  bj 
animals.  Besides  being  a  source  of  ei^'oyment,  and  serving  the  im- 
portant office  of  aiding  animals  in  the  pursuit  of  living  prey,  and  in  their 
search  after,  and  selection  of,  other  proper  food,  the  sense  of  smell  often 
assists  them  in  the  avoidance  of  their  natural  enemies,  likewise  infoimi 
them  of  the  presence  of  individuals  of  their  own  species,  and,  as  in  Man, 
doubtless  frequently  warns  them  of  the  existence  of  noxious  vapours,  and 
other  substances. 

This  sense  exists,  in  a  more  or  less  highly  developed  state  of  perfec- 
tion, in  all  the  Vertebrata,  whether  they  breathe  air  or  respire  in  water, 
for  it  is  present  even  in  all  fishes.  But,  as  we  know  ana  understand 
smell,  it  IS,  in  its  highest  degree,  an  atmospheric  sense,  and,  in  fishes 
and  all  lower  aquatic  animals  which  possess  it,  must  exist  in  some 
modified,  and  probably  less  refined,  though  acute,  form.  In  a  very  few 
of  the  Cetacea,  alone  amongst  the  Vertebrata,  is  this  sense  entirely 
wanting. 

In  all  the  air-breathing  Vertebrata,  i.e.,  in  Mammalia,  Birds,  Rep- 
tiles, and  the  perfect  Amphibia,  the  olfactory  organs,  however  highly  or 
simply  developed,  are  situated  in  the  course  of  the  respiratory  passages, 
the  nasal  fossae  being,  in  all  cases,  pervious  backwards,  opening  behind, 
usually  into  the  upper  part  of  the  pharynx,  but,  in  the  very  lowest 
forms,  into  the  moutn.  In  the  Mammalia,  the  nose  is,  as  a  rule,  highly 
developed ;  the  nasal  fossse  are  capacious ;  the  horizontal  cribriform 
plate  and  the  lateral  cellular  parts  of  the  ethmoid  bone  are  larg^,  and, 
as  well  as  the  turbinated  bones,  often  highly  complex ;  the  various 
sinuses  in  tlie  ac^acent  bones  are  well  developed,  though  they  are  not 
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directly  concerned  In  the  sense  of  smelL  The  anterior  part  of  the  nose 
is  cartilaginous,  and  is  provided  with  muscles ;  it  forms  the  so-called 
muzzle  of  the  dog,  the  snout  of  the  pig  and  tapir,  and  the  trunk  of  the 
elephant.  In  the  seals,  walruses,  beavers,  and  other  diving  mammals^ 
the  nostrils  are  slit-like,  very  moveable,  and  capable  of  being  tightly 
closed  at  will;  a  similar  provision  is  met  witn  in  many  burrowing 
animals ;  and  in  the  camels,  also,  the  laige  moveable  nostrils  can  be 
closed  asainst  the  tornado  of  the  desert.  In  many  bata,  the  nose  is 
developed  into  singularly  formed  folds  or  leaflets,  which  are  supposed 
to  collect  odours.  But  perhaps  the  most  remarkable  modification  of  the 
anterior  part  of  the  nose,  is  the  elephant's  trunk,  which  is  a  double  tube, 
containing  thousands  of  muscular  bundles,  and  is  not  only  a  prehensile 
organ,  and  a  hydraulic  pipe,  but  forms  the  usual  respiratory  passage. 
In  this  animal,  besides  the  ordinary  adjacent  sinuses,  which  are  ytnj 
large  in  the  frontal  bones,  there  are  others  in  the  temporal,  parietal, 
and  occipital  bones,  all  of  which  communicate  with  each  other. 

In  certain  carnivorous  animals,  as  in  the  dog  and  seal,  and  also,  but 
not  to  such  an  extent,  in  many  Ruminants,  as  in  the  sheep  and  deer 
tribes,  in  all  of  which  the  sense  of  smell  is  very  acute,  as  witnessed  in 
the  quick  recognition  of  the  presence  of  Man  exhibited  by  the  stag,  and 
in  the  almost  fabulous  power  of  certain  dogs  in  following  the  scent  of 
their  prey  upon  the  ground,  provision  is  made  for  a  vast  extension  of  the 
nasal  mucous  membrane,  by  a  most  singularly  complex  lamination  of  the 
spongy  bones,  constituting  the  structure  named  the  labyrinth.  The 
olfactory  nerve  is  not,  however,  commonly  distributed  over  this  com- 
plicated portion  of  the  nose,  so  that  it  only  indirectly  subserves  the 
olfactory  sense.  Possibly  it  delays,  retains,  and  subdivides  the  atmo- 
sphere, laden  with  odorous  matters,  in  its  intricate  passages,  and  so 
facilitates  their  oxidation;  or  it  may  be  intended  to  aid  in  warming  and 
moistening  the  air.  In  the  Cetacea,  the  nasal  cavities  are  reduced  to 
simple,  long,  narrow  canals,  destitute  of  turbinated  bones,  and  having 
no  adjacent  sinuses.  As  in  the  rest  of  the  Mammalia,  the  posterior 
narcs  open  into  the  pharynx,  but  the  anterior  nares,  instead  of  being 
placed  near  the  extremities  of  the  upper  jaw,  are  found  far  back  on  the 
top  of  the  head,  where  they  form,  sometimes,  as  in  the  sperm  whale  and 
narwhal,  one,  but  usually  two,  blow  holes,  through  which  the  water, 
taken  in  by  the  mouth  in  feeding,  and  stored  up  in  two  strong  muscular 
cavities,  can  bo  forcibly  expelled.  The  high  position  of  these  openings 
readily  brings  them  to  the  surface,  when  the  animal  desires  to  breathe, 
an  act  which  can  be  accomplished,  even  whilst  the  mouth  is  submerged 
and  engaged  in  catching  prey.  The  nasal  fossae  of  the  Cetacea,  exposed, 
as  they  Jire,  to  the  frequent  passage  of  water  through  them,  as  well  as 
of  air,  have  little  or  no  concern  in  the  function  of  smell.  Thus,  in  the 
true  whales,  the  olfactory  nerves  are  proportionally  very  small,  and, 
judging  from  what  takes  place  in  ourselves,  when  water,  or  even  solu- 
tions of  odorous  substances  are  poured  into  the  nose,  it  may  be  conjec- 
tured that  they  do  not  distinguish  the  presence  of  odorous  particles  in 
the  water,  but  only  that  of  those  conveyed  to  them  through  the  air 
taken  in  during  inspiration.  In  the  porpoises  and  dolphins,  however, 
the  olfactory  nerves  are  absolutely  wanting,  and  these  creatures,  there- 
fore, can  possess  no  true  sense  of  smell,  though  they,  and  indeed  the 
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other  Cetacea,  may  receive  impressions  of  an  irritating  character  from 
substances  diffused  through  the  water,  acting  on  the  extremities  of  the 
branches  of  the  fifth  pair,  which,  as  usual,  supply  the  naaal  mucous 
membrane. 

Amongst  Birds  generally,  the  sense  of  smell  does  not  appear  to  be  so 
highly  developed,  as  to  qualitative  power  in  the  individual,  though  it 
may  be  as  acute  as  in  Mammalia.  There  is  no  longer  a  cribrifonn 
plate  to  the  ethmoid  bone,  for  the  olfactory  nerves  pass  each  through  a 
single  foramen.  The  nasal  cavities  are  proportionally  smaller  and  less 
complex  in  their  interior,  than  in  the  Mammalia,  but  the  turbinated 
bones  are  sometimes  convoluted,  and  even  laminated.  The  posterior 
nares  often  coalesce  before  they  open  into  the  pharynx.  The  anterior 
nares  are  never  provided  with  moveable  cartilages,  as  in  the  Mammalia. 
Those  openings  differ  much  in  size,  position,  and  structure ;  they  are 
generally  wide  and  open,  but  are  narrow  in  the  heron,  often  protected 
by  stiff*  feathers,  as  in  the  crows,  or  covered  by  a  scale,  as  in  the  rasorial 
birds ;  they  are  usually  placed  on  the  sides  of  the  bill,  but  sometimes 
at  its  base,  and  occasionally,  as  in  the  apteryx,  at  its  apex.  Judging 
from  the  relative  size  of  the  chief  turbinated  bone,  and  of  the  olfactory 
nerves,  the  wading  birds  appear  to  possess  the  most  perfect  sense  df 
smell.  In  the  vultures,  also,  the  nose  is  much  prolonged,  and  the 
olfactory  nerve  is  large ;  they  are  said  to  smell  carrion  at  very  great 
distances.  Nevertheless,  the  idea  still  sometimes  entertained,  that  the 
vulture  scents  its  dead  prey  from  the  enormous  altitudes  at  which  it 
flies,  has  been  disproved,  the  discovery  of  its  food  being  effected  thii}ngh 
the  agency  of  vision. 

In  Reptiles,  the  sense  of  smell  seems  to  be  less  developed  than  in 
birds ;  there  are  few  or  no  complications  of  the  surfaces  of  the  nasal 
fossse.  The  posterior  nares  open,  in  the  Saurians,  into  the  pharynx; 
but  in  the  Chelonia  and  Ophidia,  through  the  palate,  into  the  mouth. 
In  the  crocodiles,  the  nostrils  can  be  closed  when  the  animal  is  beneath 
the  water;  and  these  apertures  being  placed  at  the  end  of  their  long 
snout,  they  are  able  to  ho  almost  completely  submerged,  concealed,  and 
watching  for  their  prey. 

The  perfect  Amphibia  also  present  two  posterior  nares,  opening 
through  the  palate  into  the  mouth ;  but  in  the  Proteus  family,  this 
opening  is  placed  so  far  forwards,  that  it  passes  through  the  upper  lip ; 
in  the  Proteus  itself,  the  nasal  mucous  membrane  is  plicated/ as  in 
Fishes.  In  their  early  fish-like  larval  condition,  the  organs  of  smell,  ni 
the  Amphibia,  are  merely  simple  depressions  or  recesses,  like  thes« 
parts  in  fishes,  but  they  are  provided  with  cilia. 

The  sense  of  smell  is  probably,  as  alreadjr  stated,  somewhat  modified 
in  aquatic  animals  ;  but  it  is,  nevertheless,  judging  fr^m  the  size  of  the 
olfactory  nerves  and  lobes,  actively  exercised  in  Fishes.  These  animals 
do  not  inhale  the  atmosphere  into  their  bodies,  for  they  have  no 
lungs.  The  nasal  fossse  form  two  blind  recesses  or  culs-de-sac,  open- 
ing externally  on  the  fore  part,  of  the  head,  but,  in  almost  all  cases, 
shut  off  posteriorly  from  the  mouth  or  pharynx.  The  water,  through 
which  medium  the  odorous  particles  must  be  transported,  enters  the«e 
nasal  culs-de-sac,  and  there  comes  in  contact  with  the  delicate  membrane 
supplied  by  branches  from  the  large  olfactory  lobes.     This  membrane 
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often  has  its  surface  increased,  by  being  thrown  into  yarioiuilj  folded 
or  plaited  laminse,  sometimes  forming  longitudinal,  and  sometimefl 
singularly  complicated  radiated,  plicse. 

In  the  Cyclostomata,  the  nasal  apparatus  is  single,  and  is  sometimes 
closed  at  the  bottom ;  but  in  the  Myxinoids,  for  example,  the  cavity  is 
prolonged  backwards,  by  a  special  trachea-like  canal,  which  perforates 
the  palate,  and  is  there  provided  with  a  membranous  valve,  which  can 
be  opened  or  shut.  The  Icpidosiren  is  another  example  of  the  commu- 
nication of  the  nose  with  the  mouth,'  in  fishes.  In  the  minute  and 
simple  araphioxus,  the  nasal  cul-de-sac  is  single,  median,  very  super- 
ficial, and  ciliated  in  its  interior. 

The  Mollusca,  being  chiefly  aquatic,  must  receive  odours  through  the 
water.  In  the  Cophalopods,  the  organs  of  smell  are  supposed  to  be  two 
cavities,  placed  near  the  back  of  the  eye,  each  containing  a  papilla ;  the 
nerves  which  pass  to  them  arise  from  the  side  of  the  optic  nerve  or 
ganglion,  and  perforate  the  cartilaginous  capsule  of  the  eye,  before 
entering  the  papillse.  The  cuttle-fish  is  said  to  exhibit  a  strong  aver- 
sion to  certain  odorous  bodies.  It  has  been  suggested,  that  the  smaller 
buccal  tentacles  of  the  nautilus,  are  possibly  connected  with  the  sense 
of  smell.  In  the  other  Mollusca,  the  sense  of  smell  is  also  supposed  to 
reside  in  the  sensitive  tentacles,  often  found  at  the  entrance  of  the 
mouth  and  respiratory  apparatus,  beyond  which  no  special  organ  for 
this  sense  has  yet  been  discovered  in  those  animals. 

In  some  of  the  Annulosu,  as  in  the  Crustacea,  the  habits  of  the 
animal  (as  of  the  lobster,  for  example,  which  enters  the  lobster-pot  in 
deep  wat<;r,  probably  attracted  by  the  smell  of  the  bait)  justify  the 
inference,  that  they  possess  an  olfactory  sense ;  but,  by  what  part  or 
ori:^an,  unless  by  tlio  smaller  antennae,  this  is  exercised,  is  unknown. 
The  open  cavity  in  the  base  of  these  antennae,  which  admits  the  water 
to  its  interior,  may  be,  as  Rosenthal  thoujjht,  the  organ  of  smell.  In 
the  Insects,  as  in  the  carrion-flie^  and  others,  there  is  also  reason  to 
infer  the  existence  of  a  very  perfect  sense  of  smell;  for  they  are 
attracted  by  putrid  meat,  some  of  them  even  depositing  their  ova  in 
plants  possess! nj^  that  o<lour.  Bees  are  possibly  attracted  to  very 
distant  clover-fields,  or  other  feeding  grounds,  by  means  of  an  olfactory 
sense.  In  the  Insocta,  it  is  also  conjectured  that  the  antennae  are  the 
smelling  organs.  Dug^s  found  that,  after  the  removal  of  the  antennas, 
insects  did  not  manifest  their  usual  cognisance  of  the  vicinity  of  smells. 
Possibly  the  palpi  may  also  be  concerned  in  the  exercise  of  this  sense. 
In  the  necrophorous  b<?ctle8,  a  curious  double,  cushion-like  structure 
exists  in  a  cavity  in  the  broad  upper  lip,  which  is  well  situated  for  an 
onran  of  smell.  Many  insects  suffer  irritation  from  iiimes  or  vapours 
♦Altering  their  rospirjitory  tubes  or  trachea ;  but  there  is  no  reason  to 
consider  such  sensations  as  allied  to  true  smell.  In  certain  of  the 
MoUusooida  and  Annuloida,  ciliated  recesses,  or  disc-like  spots,  situated 
on  the  head,  may  ser\'e  as  olfactory  organs :  but  in  many  of  them,  as 
well  as  in  the  Coclenterata  and  Protozoa,  the  existence  of  smell  is 
doubtful,  and  certainly  no  special  organ  of  that  sense,  is  known. 
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THE  513CSE  OF  HEAEZK0. 

The  OrgnnM  of  Hearing. 

TJhe  amlitorj^  apparatus  is  TjBualJy  described  as  eonsi^^ingof 
tl^n^ee  parts ;  tlie  external  ear,  fig.  74,  fi,  m  ;  tiae  middU  ear,  m 
fi/mpamim^  I  \  and  the  interna t  ear,  or  labyrinth ^  s.  c. 

Tke  exterrval  ear  consists  of  the  pinna  or  auricle,  and  ii«' 
txttrnal  auditor  if  meatus,  or  c«noL   The  pinna,  the  part  tmnUj 

Fig.  74. 
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3  a  small  pointed  eminence,  generallj  atudded  with  hairs  on 
jS  inner  and  concave  surface,  called  the  tragus ;  opposite  to 
bat,  is  another  eminence,  the  antitragus,  and  below  this,  is  the 
jbule.  The  framework  of  the  auricle  is  composed  of  a  firm 
lastic  cartilage,  having  nearly  the  same  shape  and  varieties  of 
urface,  as  the  perfect  auricle,  but  it  does  not  extend  into  the 
)bule.  It  is  connected  with  the  neighbouring  parts  by  liga- 
lents,  and  is  provided  with  three  feeble  muscles,  named  the 
ttollens,  attrahens,  and  retrahens  auris.  The  skin  covering 
le  auricle,  contains  sebaceous  glands ;  these  are  most  numerous 
1  the  concha.  The  external  auditory  meatus,  m,  is  a  slightly 
urvcd  tube,  extending,  from  the  concha,  inwards  to  a  mem- 
ranous  partition,  named  the  membrana  tympani,  dy  which  com- 
letely  closes  it  at  the  bottom ;  it  measures  about  1^  inch  in 
3ngth,  and  is  narrowest  in  the  middle  part.  The  outer  half 
f  the  meatus  has  cartilaginous,  and  the  inner  half  bony,  walls; 
le  former  is  continuous  with  the  cartilage  of  the  auricle, 
'he  skin  lining  the  meatus,  is  very  thin,  especially  towards 
le  bottom  of  the  canal,  where  it  is  prolonged  over  the  mem- 
rane  of  the  tympanum,  forming  its  outer  layer  ;  in  the 
irtilaginous  part,  it  is  provided  with  fine  hairs,  sebaceous 
lands,  and  numerous  ceruminous  glands;  the  latter  secrete 
le  cerumen  or  ear-wax. 

The  middle  ear,  or  tympanum^  f,  is  a  small  cavity,  or  cliam- 
er,  in  the  temi)oral  bone,  containing  air,  and  certain  small 
ones,  named  the  ossicles  of  the  ear,  and  a  few  muscles  and 
erves ;  it  is  placed  between  the  membrana  tympani  and  the 
uter  wall  of  the  labyrinth.  Its  outer  boundary  is  formed  by 
le  membrana  tympani^  d ;  this  is  a  thin  semi-transparent  mem- 
rane,  of  an  oval  shape,  which  slopes  firom  above,  downwards 
id  inwards,  and  from  behind,  forwards  and  inwards,  and  is 
xed  by  its  circumference,  to  a  slight  groove  in  the  bone.     It 

the  resemblance  of  this  membrane  to  the  head  of  a  drum^ 
lat  has  given  the  name  of  drum  of  the  ear,  or  tympanum,  to 
le  middle  car.  This  membrane  is  composed  of  three  layers; 
1  outer  one,  which  is  an  extension  of  the  skin  lining  the  ex- 
rnal  meatus,  an  inner  layer,  similarly  derived  from  the 
ucous  membrane  lining  the  tympanum,  and  an  intermediate 
yer,  consisting  of  fibrous  and  elastic  tissue,  in  which  are  blood 
issels  and  nerves :  the  middle  layer  is  said  to  consist  of  two 
minae,  the  outer  of  which,  is  composed  of  radiating,  and  the 
mcr  of  annular  fibres.  (Toynbee.)  The  inner  wall  of  the 
'mpanic  cavity,  corresponds  with  the  outer  sur&ce  of  the 
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labyrinth.  The  tympanum  communicates,  behind  and  abore, 
lirith  cells  in  the  mastoid  process  of  the  temporal  bone,  called 
the  ruastoid  cellsj  i ;  in  front  and  below,  it  opens  into  the  Eu- 
stachian tube,  e,  a  trumpet-shaped  canal,  partly  osseous,  partly 
cartilaginous,  leading  into  the  upper  part  of  the  phaiynx. 
There  are  also  several  small  apertures,  for  the  passage  of 
vessels,  nerves,  and  minute  muscles. 

The  little  bones  or  ossicles  of  the  ear,  the  smallest  in  the 
body,  are  three  in  number;  they  are  stretched  across  the 
tympanic  cavity,  from  the  membrana  t3rmpani  to  the  inner 
wall  of  that  chamber,  fig.  74,  and  are  named  the  malleus^  the 
incuSy  and  the  stapes.  The  malleus,  fig,  75  o,  76  a,  or  hammer- 

Fig.  76. 


Fig.  75.  The  three  ossicles  of  the  ear,  found  in  the  cavity  of  the  tympannm 
(magnified)  (Arnold),  a,  malleus,  or  hammer,  its  head ;  A,  handle  of  the 
malleus ;  the  other  process  is  the  processus  gracilis.  6,  the  incus,  or  an- 
vil, consisting  of  a  body  and  two  processes,  to  the  longer  one  of  which,  or 
long  leg,  is  affixed  the  tubercle  or  orbicular  bone,  o,  c,  the  stapes  or 
stirrup  bone,  consisting  of  head,  bars,  and  foot-piece  or  base. 

like  bone,  is  attached,  by  a  somewhat  twisted  process,  called  it< 
handle,  h,  to  the  inner  surface  of  the  membrana  tynipani,  near 
its  centre  ;  this  attachment  of  the  bone,  causes  the  membrane 
to  be  drawn  in,  as  it  were,  towards  the  tympaniun.  Another 
long  and  very  delicate  process,  called  the  pi^ocessus  grcunlis, 
descends  to  the  floor  of  the  tympanum ;  whilst  its  roimded  part, 
or  head,  which  is  also  somewhat  fixed  to  the  roof  of  that 
cavity,  is  articulated  with  a  concave  surface,  figs.  75,  76,  on 
the  thick  part  of  the  incus.  The  incus,  or  anvil-like  bone,  h, 
consists  of  a  massive  part  or  body,  and  of  two  processes  or 
legs,  being  shaped  somewhat  like  a  double  tooth.  Besides  being 
articulated  with  the  malleus,  the  incus  is  attached,  by  its 
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shorter  leg,  to  the  hinder  wall  of  the  tympanum ;  by  its  long 
leg,  it  is  articulated  with  the  third  ossicle  or  stapes,  which  is 
the  innermost  of  the  three  bones,  by  a  little  tubercle  named 
the  orbicular  bone,  o,  which  is  sometimes  regarded  as  a  sepa- 
rate bone.  The  stapes,  figs.  75,  76,  c,  so  named  from  its  re- 
markable resemblance  to  a  stirrup,  is  placed  horizontally,  and 
is  attached,  by  its  foot-piece  or  base,  to  the  inner  wall  of  the 

Fig.  76. 


Fig.  76.  The  membrana  tynipani,  seen  troni  the  inner  side,  with  the 
ossicIcA  of  the  oar  attached,  d,  the  membrana  tympani,  set  in  the 
tympanic  rinfr,  r,  of  the  temporal  bone,  a,  the  malleus,  its  long  pro- 
cess or  handle  attached  to  the  inner  side  of  the  membrana  tympanC  its 
slender  process  fixed  in  a  recess  in  the  wall  of  the  tympanum,  its  head 
connected  with  the  next  ossicle.  6,  the  second  ossicle,  or  incus,  its 
iKxiy  Joined  with  the  malleus,  its  short  leg  standing  out  towards  the 
side  of  the  tympanum,  and  its  long  leg  reaching  to  the  third  ossicle,  to 
which  it  is  fixed  by  a  little  tubercle,  o,  sometimes  named  the  orbicular 
bone,  c,  the  third  ossicle  or  stapes,  placed  horisontally,  with  its  base, 
in  the  natural  condition,  turned  in  the  direction  of  the  inner  wall  of 
the  tympiiuum. 


tympanum,  whore  it  is  fixed,  by  fibrous  membrane,  to  tlie 
margin  of  an  oval  aperture  in  the  bone,  called  the  fenestra 
ovalis,  leading  into  the  labyrinth ;  it  is  so  attached,  as  to  be 
;ible  to  undergo  certain  movements.  The  foot-hole  in  this 
diminutive  stirrup,  is  closed  by  a  membrane,  in  its  perfect 
state.  These  little  bones,  which  weigh  only  a  few  grains,  are 
covered  with  periosteum,  supplied  with  blood  vessels,  articu- 
lated together  by  perfect  moveable  joints,  and  provided  with 
minute  muscles,  which,  acting  on  the  small  levers  formed  by 
this  jointed  rod,  influence  the  condition  of  the  membrana 
tynipani  on  the  one  hand,  and  of  the  fibrous  membrane 
uniting  the  base  of  the  stapes  to  the  margin  of  the  fenestra 
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ovalis,  on  the  other.  The  conjoined  bones  rotate  upon  a  hori- 
zontal axis,  passing  through  the  slender  process  of  the  maUeus, 
the  head  of  that  bone,  and  the  body  and  short  process  of  the 
incus. 

The  muscles  of  the  tympanum  are,  like  the  bones,  three  in 
number.  Two  of  these,  the  tensor  tympanic  and  the  so-called 
laxator  tf/mpani,  arise  from  definite  points  of  the  surrounding 
petrous  bone,  and  are  inserted  into  the  malleus ;  the  first 
named,  is  imdoubtedly  muscular,  and  draws  the  membrana 
tympani  inwards,  and  tightens  it ;  the  latter  was  formerly  de- 
scribed as  a  muscle  having  the  opposite  action,  but  it  is  either 
seldom  present,  or,  as  maintained  by  some  authorities,  is  merely 
a  reddish  ligamentous  structure.  The  tensor  t3rmpani  muscle, 
according  to  Tojmbee,  is  enclosed  in  a  tubular  ligament,  which, 
he  supjx>sed,  keeps  the  tympanum  in  a  state  of  medium  ten- 
sion, the  tensor  tympani  only  being  called  into  play  when  the 
tension  of  the  membrane  is  increased.  When  the  tensor  tym- 
pani acts,  the  head  of  the  long  leg  of  the  incus  is  drawn 
inwards,  so  that  the  base  of  the  stapes,  which  is  articulated 
with  it,  must  also  advance  towards  the  inner  wall  of  the  tym- 
panum, and  so  press  in  the  membrane  of  the  fenestra  ovalis. 
Fick  has  proved  this,  by  direct  observation.  The  third 
muscle,  called  the  stapedius^  is  inserted  into  the  stapes ;  it  is 
generally  regarded  as  a  tensor  of  the  membrane  of  the  fenestra 
ovalis,  but,  by  some,  it  has  been  described  as  relaxing  that 
membrane.  It  is  the  smallest  muscle  in  the  body.  The 
tensor  tympani  is  supplied  by  a  nerve  firom  the  otic  ganglion, 
the  laxator,  it  is  said,  by  the  chorda  tympani  nerve,  and  the 
stapedius  by  a  branch  of  the  facial  nerve. 

Below  and  rather  behind  the  fenestra  ovalis,  on  the  inner 
wall  of  the  tympanum,  is  another  small  rounded  opening  in 
the  bone,  called  the  fenestra  rotunda ;  it  is  closed  in  the  recent 
state,  by  a  membrane. 

The  mucous  membrane  lining  the  tympanum,  is  thin,  and, 
for  the  most  part,  covered  with  ciliated  epithelium ;  it  assists 
in  closing  the  two  fenestrae,  and  serves  to  form  the  inner  layer 
of  the  membrana  tympani.  In  the  latter  situation,  it  is  said 
to  be  destitute  of  cilia ;  lastly,  it  is  reflected  over  the  little 
ossicles,  and  the  tendons  of  their  muscles,  and  also  over  the 
chorda  tympani  nerve,  which  traverses  the  tympaniuu.  It 
contains  no  mucous  glands,  but  is  constantly  moistened  witli 
a  yellowish  fluid.  In  front,  it  is  continuous  with  the  ciliated 
raucous  membrane  lining  the  Eustachian  tube,  and,  through  it. 
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with  that  of  the  upper  part  of  the  pharynx :  behind,  it  enters, 
and  lines,  the  mastoid  cells. 

The  internal  ear,  or  labyrinth,  ^g,  74,  *,  c,  and  fig.  77,  so- 
called  from  its  complicated  communications,  contains  the 
essential  parts  of  the  organ  of  hearing,  viz.,  the  membranous 
labyrinth  and  the  cochlea.  It  consists  of  certain  complex 
chambers  and  canals,  each  enclosing  membranous  and  fluid 
contents ;  it  is  buried  in  the  substance  of  the  petrous  portion 

Fig.  77. 


Fifr.  77.  Plan  of  the  labyrinth  or  internal  ear.  showinff  its  cavity  laid  open ; 
enlarged,  m,  the  auditory  nerve,  entering  the  labyrinth  flrom  the  cavity 
of  the  cranium.  «,  the  bony  semicircular  canals,  laid  open,  showing  the 
membranous  canals  within  them,  and  their  ampulln  or  enlargements ; 
also  the  membranous  vestibule  and  saccule,  lying  in  the  central  portion 
of  the  osseous  labyrinth  named  the  vestibule.  Leading  from  this,  is  the 
spiral  coil  of  the  cochlea,  r,  also  laid  open,  so  as  to  show  the  striated 
surface  of  its  lamina  spiralis. 

The  lowor  figure  shows  a  section  through  the  cochlea,  firom  base  to  apex, 
a.  is  the  bony  wall  of  the  spiral  tube,  and  6,  the  spiral  partition,  which 
dividcM  each  spire  into  two  canals,  named  the  scale,  the  upper  one  here 
1)einir,  throughout,  the  scala  tympani,  and  the  lower  one,  the  acala 
vestibuli.    (Arnold.) 

of  the  temporal  bone,  and  communicates,  but  by  closed  aper  - 
tures,  externally,  with  the  middle  ear,  through  the  fenestra 
ovalis  and  fenestra  rotunda,  and  internally,  with  the  internal 
auditory  meatus,  which  transmits  the  auditory  nerve.  The 
labjrrinth  consists  of  three  parts,  named,  respectively,  the  veati- 
bale,  the  semi-circular  canals,  s,  and  the  cochlea^  c. 
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'J'he  vcstihule,  see  fip.  77,  the  central  chamber  of  the  bonj 
laliyrinth,  is  of  ftii  oval  shape,  corresponds  in  position  with 
tlu^  Ibnostni  ovalis  and  the  liase  of  the  stapes,  and  comnmni- 
r.itrs  freely  with  tlie  s^'ini-circiilar  canals  and  the  cochlea,  li 
is  the  fuiK  In  mental  portion  of  the  labyrinth,  and  is  the  only 
part  pres(.'nt  in  the  lowest  Vertebrata. 

The  iH'tni-n'rcuIar  canais^  8^  are  placed  above  and  behind 
th(»  vestibule  :  they  are  three  in  numl>er,  and  are  designated. 
accordin*^  to  their  jMvsiticn,  vertical,  horizontal^  and  obliquf. 
Tlies(»  canals  are  eurved  bony  tubes,  about  Tj'^yth  of  an  inch  ia 
cli:imeter,  t^t^h  liaving,  at  one  end,  a  dilated  pan^  twioe  u 
wide^  eallcd  the  ampulla.  Ae  two  of  these  tubes  join  Ui^&lhet 
at  one  end,  the  three  communicate  with  the  vefitibtde,  by  It* 
openings. 

The  coMen,  figa.  74^  77,  r,  ia  a  little  spiral  canal,  with  bony 
walls,  resembling  a  small  snaira  ahell,  whence  its  name;  itii 
placed  in  front  €f  the  vestibule,  forming  the  anterior  part  of 
tl^e  labyrinth,  imd  measures,  from  baae  to  apex,  about  4th  of  an 
inch.  It  possesses  a  bony  axis,  called  the  tnodiolu^j  formed,  as 
it  were,  by  the  caik-.'^ceace  of  its  spinil  turns.  A  thia  spirtl 
bony  plate,  tlie  lamina  spiralisy  projects  from  the  side^  of  tk 
modiolus;  this  plate,  which  turns  round  the  modiohiB,  like  tk 
thread  of  a  gimlet,  gives  attachment,  in  the  recent  state^  to  i 
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canals,  are  three  membranous  semi-circular  canals ;  they  are  of 
the  same  form  as  the  bony  canals  in  which  they  are  en- 
closed, having  tlieir  respective  ampullte,  and  opening  into  the 
utricle  by  five  orifices. 

The  walls  of  the  membranous  labyrinth,  are  firm  and  semi- 
transparent  :  they  consist  of  three  layers ;  the  outer  one  is  a 
loose  vascular  structure,  containing  pigment  cells ;  the  inner 
one  consists  of  polygonal  epithelitd  cells;  the  intermediate 
layer  is  a  thick  glassy-looking  fibrous  tunic.  The  saccule, 
utricle,  and  membranous  canals,  contain  a  limpid,  slightly  albu- 
minous fiuid,  called  the  endolymph.  Within  the  walls  of  the 
saccule  and  utricle,  are  two  roundish  clusters  of  solid  imper- 
fectly crystalline  particles  of  mixed  carbonate  and  phosphate 
of  lime,  called  otoliths  or  otoconia,  that  is,  ear-stones  or  ear- 
sand  ;  the  otoliths  are  connected  with  the  fine  ends  of  the 
vestibular  branch  of  the  auditory  nerve,  to  be  presently  de- 
scribed. In  the  membranous  canals  and  ampullae,  a  few  scat- 
tered particles  of  the  same  calcareous  matter,  are  also  found. 
The  otoconia,  or  ear-sand,  is  wanting  in  some  persons. 

The  interval  between  the  inner  walls  of  the  osseous  laby- 
rinth and  its  membranous  sacs  and  semi-circular  canals,  as 
well  as  the  seals  of  the  cochlea,  in  which  there  are  no  mem- 
branous aacs  or  canals,  is  occupied  by  a  thin,  slightly  albumi- 
nous fluid,  called  the  perilymph  or  liquor  Cotunnii;  it  resembles 
in  composition,  the  endolymph  just  named,  and  is  secreted  by 
a  delicate  fibro-serous  membrane,  which  lines  all  the  inner 
surface  of  the  osseous  labjrinth;  it  supports  the  sacs,  the 
canals,  and  the  nerves  distributed  to  these  parts. 

The  cochlea,  moreover,  presents  certain  peculiar  micro- 
scopic structures,  upon  and  within  the  membranous  portion  of 
its  spiral  partition.  Thus,  the  bony  part  of  the  lamina  spiralis, 
presents  a  grooved  margin,  the  upper  edge  of  which,  viz.  that 
corresponding  with  the  scala  vestibuli,  supports  a  finely 
toothed  membrane,  named  the  zona  denticulata ;  its  lower  edge 
being  perforated  for  the  passage  of  nerves,  is  called  the  habe- 
nnla  perforata.  These  margins  of  the  lamina  spiralis,  moreover, 
give  attachment,  each  to  a  fine  layer  of  periosteum,  the  upper 
one  of  which,  connected  with  the  zona  denticulata,  and  turned 
towards  the  vestibular  scala,  is  named  the  membrane  of  Corti; 
the  lower  one,  seen  in  the  tympanic  scala,  is  called  the  basilar 
membrane.  These  two  membranes  form  the  semi-transparent 
partition,  formerly  known  as  the  membranous  part  of  the 
lamina  spiralis.      Between  these  two  layers,  is  a  trian^'aaL 
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sjKUH\  smalltT  than  cither  of  the  scalac,  and  now  named  the 
.^rahi  tncfiift  ( Kolliker),  which  is  the  essential  auditorj  portica 
ni'  the  cochli'ii.  and  probably  contains  fluid.  In  the  scalxi  media, 
arr  round  two  sots  ol*  minute  rod-like  bodies,  arranged  parallel 
Avitli  each  othor,  in  a  radiated  poHition  fix)ui  the  axis  of  the 
cofhlca,  nanu'd  tlie  mils  of  Corti]  the  rods  of  the  two  sets,  are 
inclined  towards  each  other  above,  so  as  to  ibrm  an  angle, 
where  they  aj)pear  to  be  c»^nnecteil  together  by  a  fine  mem- 
brains  the  im.nihrann  vehimentosa ;  when  viewed  Irom  the 
suil'ace  of  tlie  membrane,  the  series  of  rods  sun^ost-s  a  resem- 
blttnce  to  the  ki^ys  of  a  piano.  Between  the  grooved  margin 
of  the  lamina  spiralis,  and  the  first  set  of  iJie  rods  of  C4^rti,  is  a 
cavity^  and  between  the  second  set  and  the  esttema!  wall  of  dif 
cochlea,  u  another  cavity,  each  containing  nucleated  ceE^  (tif 
large  size,  named  the  cells  of  Claudius.  The  isona  denticular 
becomes  p-adually  narrower,  from  the  base  to  the  summit  of 
the  cochlea;  and  90^  in  fact,  must,  more  or  less,  aU  tte 
stnictnre*t  rsf  the  membranous  part  of  tlic  spLral  lamina.  The 
outer  margin  of  the  membranous  part  of  tlio  spiral  partition  of 
tilt*  cochlea,  has  been  deflcribed  by  some,  as  being  compo^i 
of  involuntary  mnacular  fibres,  and  has  received  the  nam* 
of  the  coi idii-ar  muscle.  But  this  is  not  generally  admiued; 
its    structure   being   regarded  aa    of   the  nature    of  delii^fte 
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distributed  to  the  ampullae  of  the  membranous  semi-circular 
caDals,  within  which  they  end  in  a  manner  not  yet  understood, 
certain  fine  hair-like  processes,  here  visible,  being  possibly  the 
ends  of  the  nerves,  or  else  a  fine  hair-like  epithelium.  The 
numerous  filaments  of  the  cochlear  nerve,  ascend  along  small 
canals  running  up  the  modiolus ;  they  then  diverge  lateraUy, 
in  regular  succession,  along  other  little  channels  formed  in  the 
bony  part  of  the  lamina  spiralis,  on  the  under  surface  of  the 
margin  of  which,  that  is,  in  the  tympanic  scala,  they  form  a 
plexus,  which  contains  ganglionic  nerve  cells.  The  branches 
irom  this  plexus,  pass  through  the  habenula  perforata  of  the 
bony  lamina  spiralis,  to  reach  the  scala  media.  The  ultimate 
fine  and  firee  extremities  of  these  nerves,  are  said,  by  KoUiker, 
to  end  in  the  fluid  of  the  scala  media,  where  they  probably 
become  connected  with  the  rods  of  (Dorti ;  some  are  also  sup- 
posed to  pass  amongst,  or  into,  the  cells  of  Claudius. 

Sound  and  its  Propagation, 

Sound,  as  so\md,  has  no  existence  in  nature,  and,  indeed, 
cannot  exist  independently  of  a  sense  of  hearing.  When  sound 
is  generated,  certain  disturbances  of  state  in  elastic  bodies 
occur,  as  tlie  result  of  concussion,  friction,  or  other  evidences 
of  force ;  these  disturbances  have  been  proved  to  be  delicate 
imdulations,  capable  of  regular  propagation  in  all  directions. 
The  presence  of  some  matter  to  be  thrown  into  vibration,  is 
indisjxjnsable ;  for  sounds  can  neither  be  produced  in,  nor  pro- 
pagated through,  a  vacuum. 

Sonorous  vibrations  may  originate  in  solid,  liquid,  or  aeri- 
form, bodies.  Their  propagation  to  the  ear,  may  take  place 
through  either  of  these  media.  The  rate  at  which  sound 
travels  in  air,  is  about  1,050  feet  per  second.  In  water,  it 
travels  about  4  times,  and  in  highly  elastic  solid  bodies,  from 
7  to  18  times  as  rapidly  as  in  air.  Sounds  are  transmitted 
most  readily,  from  solids  to  solids.  In  passing  from  solids  to 
water,  tliey  undergo  a  certain  loss,  and  from  solids  to  air,  a 
much  greater  loss.  From  water  to  solids,  they  pass  easily ; 
but  from  water  to  air,  and  from  air  to  water,  with  very  great 
difficulty.  In  their  passage  from  air  to  solids,  they  \mdergo 
very  considenible  loss  in  their  intensity.  It  will  thus  be  seen, 
that  the  principal  impediments  to  transmission,  occur,  in  the 
passage  of  vibrations  to  and  from  solids  and  air,  and  to  and 
from  water  and  air ;  but  by  the  interposition  of  cextaAxi  ^^wsql- 
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liar  arranjiomontj*  of  solid  materi;il8,  in  the  form  of  clastic  mem- 
hraiu's,  theses  iinjH.cliiiionts  arc  almost  entirely  overcome:  for 
a  toii.se  ami  diy  iin'mlimne  is  easily  made  to  vil^rate,  b? 
.soiinroiit*  uiululatioiis  in  air,  and  can,  in  return,  readily  txcitV 
tlujMi  ill  air ;  moist  mcmhranos,  on  the  other  liand,  soaixtlv 
vihratt^  undrr  tlii-so  oir  cum  stances.  A  tense  membrane,  hov- 
ovrr,  placed  l)Ot.W(ion  water  and  air,  iaeilitiitos  very  con^dtr- 
ahly,  the  i);iss;ii:,»  of  ponorouH  imdnlatious  in  eitlier  dirtviioa. 
The  transmission  ot'tlio  soundwaves,  in  Imtli  cases,  is  ren'lerr.i 
easier,  when  some  jHTlectly  solid  body  is  combined  with  tLh 
memhmne,  though  ml]  it  is  less  easy  than  the  trangmifisioii  d 
sonorous  undulations  frora  water  to  solids,  or  from  «oH<k  if 
w;i.ti.  r.  The  pliysicjil  action  of  such  membranes,  is  of  gre*i 
iuiportiince  in  reference  to  the  passage  of  aonoroum  vibiationi 
tbrougli  tlie  acoustic  appumtuB  of  the  ear,  Membrm^ 
wbethor  tifi^hfc  or  loose^  conduct  sounds  in  water,  without  lo«^ 
In  their  pasN'^igo  from  solids  to  water^  aooorouB  undii3atioc& 
mvm  to  r*^in force  the  midulationa  In  the  water  itseh';  this  i^ 
iwtve  pirticularly  the  case,  in  the  vicinity  of  the  solids. 

[)i  being  propagated  through  the  air  or  other  meditiin, 
sounds  lose  their  intensity,  according  to  the  dif^tance  throyrfi 
wlsktli  tliey  travel,  Frora  their  source,  they  are  propagali*! 
oi|uallv  in  all  directions ^  and  thcrefbre,  like  lis^ht,  tbe%*  dimi 
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emitted  by  the  exciting  and  excited  body,  when  struck  or 
sounded,  be  identical.  If  two  strings,  e.g.^  tuned  to  the  same 
note,  be  placed  side  by  side,  and  one  be  made  to  vibrate,  the 
other  is,  at  once,  thrown  into  corresponding  undulations,  and 
gives  forth  the  same  note ;  this  is  csdled  the  reciprocation  of 
sounds;  the  bodies  are  called  reciprocating ,  and  the  sounds 
reciprocal.  In  the  same  manner,  dry  stretched  membranes 
reciprocate  their  corresponding  or  natural  notes.  When  a 
BOimding  body,  instead  of  exciting  its  own  fundamental  note, 
in  another  body  or  in  parts  of  it,  excites  other  notes  bearing 
certain  harmonious  relations  to  it,  the  latter  body  is  said  to 
resound^  and  is  called  a  resonant  body.  This  form  of  excita- 
tion of  sound  is  not  so  pure  as  the  one  previously  mentioned. 
The  air  itself  is,  in  this  sense,  both  a  reciprocating  and  reso- 
nant body,  more  particularly  when  it  is  isolated  in  tubes,  or  la 
confined  in  closed  chambers. 

It  has  been  stated  by  Helmholz,  tliat  although  certain 
sounds  consist  merely  of  a  fundamental  note,  produced  by  a 
single  set  of  imiform  vibrations,  yet  that  most  sounds  are 
caused  by  combinations  of  the  fundamental  note,  with  certain 
secondary  or  harmonic  notes  ;  and  that  the  timbre  or  quality 
of  sounds,  is  dependent  on  the  manner  in  which  these  secon- 
dary M)unds  are  associated  together  in  groups,  named,  by 
Helmholz,  sound  colours. 

Those  sound  waves,  the  number  of  undulations  of  which  cor- 
rf^sponds  or  bears  a  certain  definite  numerical  proportion  to  each 
other,  are  more  or  less  agreeable  to  the  ear,  and  are  named 
concords  ;  those  which  do  not,  are  disagreeable,  when  heard 
together,  or  in  succession,  and  are  called  discords. 

Hearing. 

In  Man  and  air-breathing  animals,  sounds  excited  in  the 
atmosphere,  reach  the  fluid  of  the  labyrinth  by  two  paths — 
firsit,  through  the  mixed  membranous  and  osseous  tympanic 
apparatus;  and,  secondly,  through  the  cranial  bones.  The 
passage  of  such  sounds  through  the  tympanum,  is  effected 
readily,  and  with  great  range  and  delicacy  of  appreciation. 
Through  the  solid  bones  of  the  head,  however,  the  transmis- 
sion of  sounds  excited  in  the  atmosphere,  is  accomplished 
with  difficulty ;  were  it  not  so,  the  noises  which  would  thus 
be  produced,  would  be  unbearable,  and  they  would,  moreover, 
confuse  the  sounds  received  through  the  tympanum.     It  U 
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through  the  bones  of  the  head,  that  sounds  are  transmitted  to 
.  the  internal  ear,  when,  from  any  cause,  the  tympanum  ceases 
to  conduct  sound.  In  speaking  and  singing,  the  hand  placed 
on  the  head,  distinctly  feels  the  vibnitions  of  the  cranial  bones, 
and  the  auditory  nerve  is  excited  by  them,  when  the  ears  are 
closed. 

Certain  sounds  produced  by  the  concussion  of  solids  against 
solids,  reach  the  fluid  of  the  labyrinth  directly  through  the 
cranial  bones ;  e,g.^  the  note  of  a  tuning  fork,  held  against  the 
teeth  or  sides  of  the  head,  gives  rise  to  sonorous  vibrations, 
which  are  much  more  powerful  than  when  transmitted  to 
the  ear  through  the  air,  and  which  can  even  be  heard  after 
its  first  sound  has  ceased  to  be  distinguishable  through  the  air. 
It  is  in  this  manner,  that  sonoro^is  vibrations  are  trans- 
mitted to  the  ear,  when  this  is  placed  on  the  ground,  and  it  is 
also  of  importance  in  hearing  one's  own  voice.  When  the  ears 
are  closed,  the  sound  of  our  voice  transmitted  through  the 
cranial  bones,  is  powerful,  but  its  tone  is  altered.  The  ticking 
of  a  watch,  heard  when  placed  between  the  teeth,  and  the  noise 
produced  by  striking  the  teeth  together,  are  further  examples 
of  sounds  conveyed  through  the  cranial  bones.  The  bones  of 
the  head  also  conduct  sounds,  when  these  are  transmitted  to  it 
through  water,  as  in  the  case  of  divers.  When  the  head  is 
submerged,  and  the  ears  are  closed,  the  noise  produced  by  the 
knocking  together  of  two  stones  in  the  water,  is  very  distinctly 
heard. 

Such  sounds  as  are  produced  by  atmospheric  undulations  of 
sufficient  power  to  affect  the  cranial  walls,  as,  e.g,,  the  report 
of  artillery  and  the  sound  of  thunder,  are  transmitted  to  the 
internal  ear,  partly  in  a  direct  manner,  by  the  cranial  bones, 
partly  by  the  tympanimi ;  for,  though  the  ear  be  tightly 
closed,  such  sounds  are  still  audible.  The  external  ear  is, 
however,  the  proper  inlet  for  almost  all  air-borne  sonorous 
vibrations,  and  the  tympanum  is  their  proper  path  to  the 
labyrinth.  The  particular  use  fulfilled  by  each  part  of  the 
complex  auditory  apparatus,  in  the  conduction  of  soimd  waves 
to  the  nerve  of  hearing,  may  now  be  considered. 

The  pinna,  or  auricle,  from  its  varied  form,  must  receive,  and 
partly  reflect,  the  atmospheric  soimd  waves  from  and  in  many 
directions.  Most  of  these  undulations  must  be  reflected  ex- 
ternally ;  but  the  size  of  the  aiuicle,  its  position,  and  external 
projection  from  the  head,  the  direction  of  its  general  con- 
cavity, which  is  turned  somewhat  forwards,   its  dense,  firm, 
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structure,  the  tightness  and  smoothness  of  the  skin  investing 
it,  and  lastly,  the  form  of  the  concha,  and  the  relation  of  that 
recess  to  tho  external  auditory  canal,  clearly  indicate  its  office 
of  collecting  sound.  The  sonorous  waves  collected  by  the 
concha,  are  reflected  from  it,  so  as  to  impinge  upon  the  inner 
surface  of  the  tragus,  and  are  again  reflected  from  the  latter 
into  the  meatus.  The  auricle,  moreover,  conducts  a  certain 
number  of  sonorous  \mdulations  through  its  cartilaginous 
walls  ;  this,  perhaps,  affords  some  explanation  of  the  various 
and  singular  disposition  of  its  surfaces,  of  its  eminences  and 
depressions,  which  are  probably  intended  to  meet  the  slighter 
so\md-waves  in  such  opposite  and  conflicting  directions,  as  to 
enable  them  to  neutralise  each  other,  so  that  those  which  are 
properly  conveyed  to  the  membrana  tympani  through  the  air 
of  the  meatus,  may  not  be  confused.  This  view  is  favoured  by 
the  fact,  that  the  cartilage  of  the  auricle  has  only  one  narrow 
point  of  connection  with  that  of  the  meatus,  and  that  it  is  cut 
up  by  many  fissures,  which  partially  separate  its  different  por- 
tions. Some,  however,  suppose  that  the  inequalities  presented 
by  the  auricle,  are  intended  to  receive  at  right  angles,  and 
therefore  favourably  for  complete  conduction,  sonorous  undu- 
lations from  all  directions. 

The  external  anditon/  ineatus  receives  and  conducts  sonorous 
vibrations  to  the  membrana  t}'mpani.  The  impairment  or  loss 
of  the  power  of  hearing  sounds  ^rhich  come  through  tlie  air, 
caused  by  stopping  the  meatus  with  the  finger,  or  by  obstruct- 
ing it  with  water,  cotton-wool,  or  other  substances,  indicates  its 
function  Jis  a  conductor  of  sound.  Owing  to  the  ciu^ed  direc- 
tion of  the  canal,  and  to  the  partial  concealment  of  its  outer 
end,  it  is  impossible  for  the  atmospheric  sound  waves  to  pass 
straight  down  from  the  exterior  to  the  membrana  tympani ; 
they  must  undergo  reflection  many  times,  and  at  various  angles, 
chiefly  from  the  internal  surface  of  the  concha  and  of  the 
tragus,  down  into  the  meatus,  and  from  all  sides  of  the  latter, 
through  the  air  within  it,  on  to  the  tympanic  membrane. 
The  walls  of  the  meatus,  like  those  of  the  auricle,  also  con- 
duct soimds;  but  their  conducting  power  for  atmospheric 
sound  waves,  is  but  feeble,  and,  in  the  ordinary  condition,  is 
proKably  specially  provided  against.  If  the  meatus  be  closed 
extcniaily,  with  the  tip  of  the  finger,  and  the  auricle  or  tragus 
be  scratched,  or  if  a  watch  be  held  against  these  parts,  the 
sounds  produced  are  extremely  loud.  Through  resonance, 
the  sounds,  in  fact,  appear  to  be  of  increased  intensity ;  for,  the 
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closed  meatus  constituting  a  resonant  chamber,  the  resound- 
ing vibrations,  excited  in  the  air  contained  within  it,  act  on  the 
membrane  of  the  tympanum,  and,  in  this  way,  intensify  the 
original  sound.  It  is  in  a  similar  manner,  that  those  sounds 
which  pass  through  the  teeth,  or  cranial  bones,  and  which  are 
known  as  head-sounds,  are  also  rendered  very  much  louder. 
The  resonance  of  the  mass  of  air  contained  widiin  the  meatus, 
also  gives  increased  strength  to  the  intensity  of  atmospheric 
sounds.  If,  indeed,  a  tube  be  added  to  the  meatus,  so  as  to 
lengthen  the  auditory  passage,  the  intensity  of  all  sounds  be- 
comes much  greater. 

The  membrana  tympani  is  admirably  adapted  for  the  re- 
ception of  atmospheric  sound  waves,  and,  although  it  may,  to 
a  certain  extent,  be  thrown  into  vibrations  through  the  osseous 
ring  in  which  it  is  set,  it  is  principally  intend^  to  be  acted 
upon  by  the  atmospheric  undulations  received  through  the 
auditory  meatus.  Its  area  is  equal  to  about  ^  of  a  square 
inch.  The  slanting  position  of  the  membrane  at  the  bottom 
of  this  canal,  not  only  serves  to  increase  its  area,  but  is  i»o- 
bably  intended  to  adapt  it  for  the  reception  of  more  numerous 
vibrations  from  the  walk  of  the  meatus,  it  may  be,  at  some 
given  angle,  or  in  a  perpendicular  direction.  In  its  usual  con- 
dition, the  membrane  is  in  a  state  of  moderate  tension,  due 
partly  to  its  own  structure,  and  partly  to  the  support  afforded 
it  by  the  long  process  of  the  malleus.  For  a  wide  range  of 
notes,  its  state  of  tension  must  be  constantly  imdergoing  varia- 
tions ;  thus,  for  low  sounds,  it  must  be  relaxed ;  for  high 
sounds,  it  must  be  rendered  tense.  If,  e.g.^  we  close  the  mouth 
and  nostrils,  and  force  air  into  the  tympanum,  through  the 
Eustachian  tube,  by  means  of  an  expiratory  effort,  or  if  we 
exhaust  the  air  in  the  tympanic  cavity,  by  an  inspiratory  effort, 
we  increase  the  tension  of  the  tympanic  membrane ;  in  this 
state,  grave  soimds  are  rendered  less  audible,  or  become  alto- 
gether inaudible,  whereas  high  ones  are  heard  witii  greater 
distinctness. 

The  vibrations  produced  in  the  membrana  tjonponi,  are  pro- 
pagated chiefly,  most  readily,  and,  indeed,  in  a  concentrated 
manner,  through  the  tympanic  ossicles,  to  the  fluid  of  the 
labyrinth.  The  undulations  of  this  membrane  are  commimi- 
cated  directly  to  the  handle  of  the  malleus,  whence  they  pass 
to  the  head  of  this  bone,  are  then  propagated  to  the  incus  and 
stapes,  and  from  the  base  of  the  latter  bone,  which,  as  already 
mentioned,  is  fixed  by  membrane  into  the  fenestra  ovalis,  to  the 
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irilymph  of  the  labyrinth.  In  performing  this  office,  the  chain 

ossicles  transmits  the  sonorous  vibrations,  commimicated  to 
em  as  a  whole,  and  not  vibrations  resulting  irom  motions 

their  particles.  The  direction  of  the  undulations  is  im- 
fected  by  the  angular  arrangement  of  the  ossicles ;  for  the 
idulations  are  propagated,  as  they  would  be  through  a  series 

levers,  from  the  stapes  to  the  fenestra  ovalis,  in  the  same 
rection  as  that  in  which  they  are  communicated  to  the 
•ndle  of  the  malleus,  viz.,  in  a  perpendicular  direction.  It 
,3  been  maintained  by  some,  that  the  ossicles  are  merely  em- 
3yed  as  levers  to  r^ulate  the  tension  of  the  three  mem- 
anes  of  the  tympanic  cavity,  i.e.,  of  the  membrana  tympani, 

the  membrane  which,  with  the  base  of  the  stapes,  closes 
e  fenestra  ovalis,  and  idso  through  the  medium  of  tlie  peri- 
mph  in  the  cochlea,  of  the  membrane  closing  the  fenestra 
timda.  The  ossicles  are,  according  to  this  view,  not  con- 
ictors  of  sonorous  vibrations,  which,  it  is  supposed,  are  pro- 
g&uA  solely  through  the  air  in  the  tympanic  cavity,  either 

the  membrane  closing  the  fenestra  rotunda,  or  else  to  the 
ner  wall  of  the  tympanum  genenilly,  and,  in  this  manner,  to 
e  parts  within  the  lab}Tinth.  Sounds  conducted  through 
o  such  different  paths  as  the  ossicles  and  air  of  the  tym- 
num,  must  interfere  with,  and  confuse,  each  other,  and  hence 
is  probable,  that  they  are  conducted  solely,  either  through  the 
e  or  the  other  path.  CJonsidering  the  special  connection  of  the 
aides  with  the  expanded  membrana  tympani  on  the  one 
jid,  and  with  the  chief  aperture  of  the  labyrinth  on  the 
lier,  their  almost  complete  isolation  in  the  atmosphere  of  the 
mi)anuiu,  and  their  greater  conducting  power,  as  compared 
th  that  of  air,  we  must  conclude  that  the  little  chain  of 
sides  is  the  actual  path  for  the  conveyance  of  sounds.  In 
e  tympanic  cavity,  on  the  contrary,  we  find  contrivances  ap- 
rently  intended  to  impair  the  conducting  power  of  the  air 
thin  it ;  for  this  cavity  communicates  freely  with  the  Eusta- 
ian  tul  >e  and  the  mastoid  cells ;  the  inner  surfaces  of  all  tliese 
rts,  are  moist,  so  that  sonorous  undulations,  in  whatever 
inner  they  may  be  excited  within  them,  must  be  damped 
d  deadened ;  moreover,  the  tympanic  ossicles  being  invested 
'  moist  mucous  tissue,  are  very  bad  conductors  of  vibrations 
,  or  from,  the  air  within  the  tympanum;  so  that,  in  this 
inner,  they  are  secured  against  loss  in  one  way,  and  inter- 
•ence  in  another.  Again,  the  mucous  lining  of  the  tympa- 
im,  is  also  especially  adverse  to  the  propagation  of  vibrations 
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from  the  walls  of  the  cavity,  to  the  tympanic  atmosphere,  as 
well  as  to  the  reception  of  any  such  as,  striking  on  its  inner 
surface,  might,  if  received  upon  a  dry  membrane,  interfere 
with  those  which  impinge  upon  its  external  boundary,  or 
membrana  tympani.  Lastly,  the  fenestra  rotunda,  the  sup- 
posed patli  of  the  vibrations  propagated  through  the  air  in  the 
tympanum,  is,  in  comparison  with  the  fenestra  ovalis,  small, 
retired  in  position,  and  has  but  a  limited  connection  with  the 
cavities  of  the  labyrinth ;  in  many  animals  endowed  with 
a  highly  acute  auditory  sense,  it  is  even  placed  in  a  neighbour- 
ing cavity,  which  communicates  with  the  tympanum  through  a 
very  narrow  fissure.  It  will  thus  be  seen  that,  whilst  the 
tympanic  apparatus  presents  a  combination  of  membranous  and 
solid  materials,  well  adapted  for  the  conduction  of  sonorous 
vibrations,  the  tympanic  cavity  seems  to  possess  contrivances 
specially  calculated  to  impair  the  conducting  properties  of  its 
contained  air. 

The  membrana  tympani  is,  moreover,  a  defensive  structure, 
preventing  the  entry  of  foreign  bodies  into  the  tympanum; 
by  it  also  the  interior  of  tliis  cavity  is  kept  in  a  state  of 
moisture.  The  interposition  of  the  tympanic  cavity,  between 
the  outer  and  inner  parts  of  the  ear,  serves,  by  the  mainte- 
nance of  warm  air,  at  a  uniform  temperature,  in  that  situatioo, 
to  preserve  the  delicate  structures  of  the  lab}Tinth  from  ex- 
posure and  changes  of  temperature,  conditions  essential  fcr 
the  performance  of  their  functions. 

By  means  of  the  Eustachian  tube,  which  loads  into  the 
upper  part  of  the  pharynx,  equal  atmospheric  pressure  on  the 
two  sides  of  the  membrana  tympani,  is  maintained  ;  the  firee- 
dom  of  movement  of  the  membrane,  both  in  vibrating  and  in 
changing  its  degree  of  tension,  is  secured,  and  it«  imdue 
tension,  which  would  arise  if  either  of  its  sides  were  subjected 
to  excessive  or  deficient  pressure,  is  prevented.  Moreover, 
the  existence  of  this  outlet,  protects  the  membrana  tyTnpani 
against  the  effects  of  external  atmospheric  shocks,  and  prevents 
accidental  rupture  or  laceration.  The  Eustachian  tube  also 
serves  as  a  conduit  for  the  escape  of  the  fluids  secreted  in  the 
tympanum  and  mastoid  cells ;  this  is  aided  by  the  cilia  cover- 
ing its  interior.  The  pharyngeal  ends  of  those  tubes,  are  only 
open  in  swallowing  and  yawning;  they  can,  moreover,  be 
opened  at  will,  by  closing  the  mouth  and  nose,  and  then  forcing 
a'lr  into  tliem,  or  by  performing  the  act  of  deglutition,  when  a 
clicking  noise  is  heard,  from  the  motion  of  the  tympanic  mem- 
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brane  and  ossicles.  The  Eustachian  tube  is,  however,  always 
pervious  in  the  healthy  condition,  and  this  is  essential  for  the 
due  performance  of  its  functions ;  for  when  it  is  obstructed  by 
accumulation  of  the  fluids  secreted  by  the  parts,  by  the  pressure 
of  enlarged  tonsils,  by  swelling  of  the  mucous  membrane  at 
its  orifice,  or  by  any  other  cause,  deafness,  in  proportion  to 
the  amount  of  obstruction,  is  produced.  It  was  formerly  sup- 
posed, that  these  tubes  conduct  one's  own  voice  to  the  ears ; 
this  notion  is,  however,  erroneous ;  the  ticking  of  a  watch  in- 
troduced into  the  mouth,  is  but  feebly  heard ;  moreover,  ob- 
struction of  the  tubes  does  not  render  the  hearing  of  one's  own 
voice  more  difHcult  than  that  of  other  sounds. 

The  state  of  tension  of  the  membrana  tympani,  is  regu- 
lated by  the  action  of  the  muscles  connected  with  the  malleus 
and  stapes.  There  can  be  no  doubt,  that  when  the  tensor 
tym|jani  contracts,  this  membrane  is  drawn  inwards,  and  that 
its  tension  is  thereby  increased.  The  action  of  the  stapedius 
on  the  membrana  tympani  is  doubtful ;  some  regard  it  as  also 
a  tensor,  but  others  as  a  laxator,  of  this  membrane.  But 
these  two  muscles  must  also  influence  the  condition  of  the 
membrane  which,  with  the  base  of  the  stapes,  closes  the  fora- 
men ovale.  By  Fick,  the  tensor  tympani,  acting  indirectly 
on  the  stapes,  is  said  to  press  inwards  that  bone ;  if  so,  it  must 
tighten  the  membrane  of  the  foramen  ovale,  and  so  increase 
the  pressure,  through  the  contents  of  the  labyrinth,  on  the 
membrane  of  the  fenestra  rotunda  of  the  cochlea.  Concern- 
ing the  action  of  the  stapedius  on  this  membrane,  there  is 
still,  however,  considerable  doubt :  some  suppose  that  it  must 
aid  the  tensor  tympani  in  tightening,  not  only  the  membrana 
tympani,  but  also  that  of  the  foramen  ovale ;  whilst  others 
have  conjectured,  that  it  not  only  relaxes  the  membrane  of  the 
drum,  but  also  draws  outwards  that  of  the  oval  foramen,  and 
so  diminishes  the  pressiu*e,  through  the  contents  of  the 
labyrinth,  on  the  membrane  of  the  fenestra  rotunda. 

In  all  the  Vertebrate,  and  also  in  the  aquatic  non-Vertebrate 
animals,  the  sonorous  undulations  traverse  a  fluid  medium, 
before  they  impinge  on  the  extremities  of  the  auditory  nerve. 
In  Man,  and  in  the  air-breathing  Vertebrata,  the  undulations 
propagated  from  the  tympanum,  pass  through  the  perilymph  of 
tlie  labyrinth,  partly  to  the  membranous  utricle,  saccule,  and 
semi-circuL'ir  canals,  so  as  to  reach  the  nervous  filaments  con- 
tained in  their  interior,  and  partly  along  the  scala  vestibuli 
of  the  cochlea,  pulsating  over  its  denticulate  zone,  roda  Q>t 
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Corti,  and  radiating  nerves,  up  to  its  very  summit,  and  thence, 
down  the  scala  tympani,  to  the  membrane  of  the  fenestra 
rotunda.  The  exact  use  of  the  fenestra  rotunda,  and  of  the 
membrane  closing  it,  is  not  well  understood.  As  already  men- 
tioned, it  has  even  been  supposed  by  some,  to  receive  vibrations 
directly  from  the  air  in  the  tympanum.  But  if,  in  beaiing, 
the  sonorous  vibrations  pass  through  the  ossicles  to  the  laby- 
rinth, this  membrane  of  the  fenestra  rotunda,  may  either  act 
as  a  spring,  protecting  the  structures  of  the  cochlea  from  too 
strong  or  sharp  undulations,  or  it  may  prevent  the  return  of 
those  undulations  backwards,  along  the  scalse  of  the  cochlea. 
The  weakness  of  the  tympanic  muscles,  and  the  elasticity  of 
the  membranes  which  close  in  the  labyrinth,  are  opposed  to 
the  idea,  often  entertained,  of  the  occurrence  of  any  great 
variation  in  the  degree  of  tension  of  the  fluid  contents  of  the 
labyrinth.  The  changes  above  described,  are  mainly  effected 
through  the  increased,  or  diminished,  pressure  of  the  base  of 
the  stapes  at  the  fenestra  ovalis. 

On  the  supposition  that  the  tensor  tympani  and  stapedius 
muscles  tighten  both  the  menibrana  tympani,  and  the  mem- 
branes of  the  foramen  ovale  and  fenestra  rotunda,  and  neces- 
sarily also  the  joints  of  the  chain  of  ossicles  between  them, 
they  must  serve  to  protect  the  auditory  nerve  from  too 
powerful  vibnitions,  and,  at  the  same  time,  render  the  auditory 
apparatus  better  adapted  for  the  reception  of  high  tones,  and 
less  fitted  for  the  reception  of  low  notes.  These  offices  are 
probably  regulated  by  reflex  nervous  action,  and  so  may  be 
compared  with  the  functions  of  the  iris,  in  regard  to  the  regn- 
lation  by  it,  of  the  quantity  of  light  which  is  admitted  into  the 
eye  to  act  on  the  retina.  But,  on  the  supposition  that  the  tensor 
tympani  tiglitens  both  the  membrane  of  the  drum  and  the  two 
membranes  of  the  labyrinth,  whilst  the  stapedius  relaxes  those 
three  membranes,  their  reciprocal,  but  opposed,  actions  may  be 
compared  to  those  of  the  circular  and  radiating  fibres  of  the 
iris,  the  former  of  which  narrow,  whilst  the  latter  widen,  the 
puj)il,  or  aperture  through  which  the  light  enters  the  eye.  It 
is  interesting  to  note,  that  these  two  little  muscles  of  the  ear 
are,  like  the  circular  and  radiating  fibres  of  the  iris,  supplied, 
the  one  by  a  cranial  motor  nerve,  viz.,  the  facial,  and  the 
other  by  a  sympathetic  branch,  viz.,  from  the  otic  ganglion, 
the  two  sets  of  the  fibres  of  the  iris  being  supplied,  the  former 
by  the  third  pair,  the  latter  by  branches  firom  the  ophthalmic 
ganglion  of  the  sympathetic. 
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Concerning  the  functions  performed  by  the  various  parts 
of  the  labyrinth^  nothing  is  positively  known.  The  fluid  con- 
tained in  its  chambers,  serves  to  support  the  various  membranes 
and  nen'ous  structures  within  it,  in  a  certain  degree  of  tension ; 
and  it  is,  as  ahreadj  stated,  the  last  medium  by  which  the 
sonorous  vibrations  are  fioally  conveyed  to  the  auditory  nerve, 
the  material  particles  of  which  must  also  be  thrown  into  cor- 
responding mechanical  vibrations. 

The  vestibule  is  the  part  essential  to  the  simplest  exercise 
of  the  sense  of  hearing;  for,  even  in  the  most  rudimentary  con- 
ditions, both  of  the  human  ear,  and  of  that  of  the  lowest  Yerte- 
brata,  the  vestibule,  or  the  central  chamber  of  the  labyrinth,  is 
the  part  first  developed  in  connection  with  the  recipient  ex- 
tremities of  the  auditory  nerve.  It  is,  in  the  lowest  Fishes, 
the  only  part  of  the  labyrinth  which  is  present.  Moreover, 
so  long  as  it  remains  unimpaired,  the  sense  of  hearing  in  Man 
and  the  higher  Vertebrata,  is  not  lost,  although  all  the  external 
and  tympanic  portions  of  the  ear  be  destroyed.  From  its 
position  opposite  to  the  base  of  the  stapes,  it  must  first  receive 
the  sonorous  vibrations  travelling  by  that  path,  and  may  serve 
to  transmit  them  to  the  rest  of  the  labyrinth. 

The  cochlea  and  its  nerves,  must  undoubtedly  receive  direct 
vibrations,  i.e.,  vibrations  commimicated  through  the  bones  of 
the  cranium ;  for  there  exists  an  intimate  connection  between 
the  lamina  spiralis,  on.  which  the  nerve  tubules  are  distributed, 
and  the  osseous  walls  of  the  labyrinth,  the  two  being  con- 
tinuous with  each  other.  But  the  nerves  distributed  to  the 
membranous  part  of  the  lamina  spiralis  Of  ihe  cochlea,  must 
also  receive  sonorous  vibrations  transmitted  from  the  tympanic 
apparatus,  either  by  the  fenestra  ovalis,  or  the  fenestra  rotunda, 
through  the  fiuid  of  the  cochlea  and  its  special  recipient  and 
translating  apparatus,  which  converts  the  mechanical  into  the 
ner\'ous  sonorous  vibrations.  It  has  been  conjectured,  that  the 
lamina  spiralis,  with  its  highly  complex,  denticulate,  rod-like, 
and  nervous  structures,  is,  on  account  of  the  graduated  lengths  of 
some,  at  least,  of  its  component  parts,  connected  with  the  recep- 
tion of  sounds  of  different  pitch,  the  sonorous  undulations  of 
which  are  themselves  of  various  lengths.  The  rods  of  Ck)rti 
especially,  have  been  supposed  to  act  like  vibrating  elastic  bars 
of  different  lengths,  just  as  different-sized  tuning-forks  vibrate 
in  unison  only  with  their  own  note,  or  with  its  harmonics. 
Another  conjecture  may  be  offered,  namely,  that  in  the  com- 
plex apparatus  of  the  cochlea,  there  may  also  exist  contrivances 
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for  artesttng  the  vibrations,  after  they  have  accomplisbed  the 
due  sti^mlaT^o^  of  the  auditory  nerve,  in  the  same  mannjer  is 
the  danipera  of  a  piano  stop  the  vibrations  of  the  stiiiigii,  »  ^ 
til  prevent Uie  coiiftision  of  succe^ve  DOteK,  thus  performing, a* 
it  were,  an  nrfice  corresponding  with  that  of  the  dbaroid  coat  in 
tin?  eytVx  ivliit'h  al>9orbs  the  rays  of  light  after  they  have  acted  ao 
the  retina,  nnd  ihiia  prevents  the  confusion  of  siicceasiTe  imagea. 
The  i<jea  that  thecochle^i  is  an  organ  for  distinguishing  pi&d^ 
wa3  suggested  by  Dugea,  and  considered  by  him,  to  be  sop* 
[jurred  by  the  general  concurrence  of  the  developtn^it  erf  the 
eoehlea  with  the  relative  extent  of  the  vocal  sonnds,  in  tiie 
Mime  class  of  rminnds,  as  may  be  understood,  by  oompKit^g 
the  cochlea  and  the  voice  m  Miimnmlia,  Birds,  and  Eepdlet 
Helmliok  further  attributes  to  the  graduated  structures  of  ti« 
lamina  spiraliij  of  tlio  cochlea,  the  office  of  receiving  the  1311- 
prcssions  ivhich  produce  the  so-called  $mtnd  colours  alTOady 
referred  to^  and  so  of  aiding  in  the  recognition,  not  only  of  tk 
piti  h,  but  of  the  timbre  or  quality  of  sounds.  Kach  nervoiB 
tihuncnt  is  supposed  to  receive  single  vibratiorjs  ;  and  the  coo^ 
hinations  of  tiiese  in  harmonic  groups,  with  the  fundansent*! 
nolesj  in  the  production  of  ordinary  soundsj  are  recognised,  wM 
greater  or  less  lacility,  by  different  persons.  Thei^e  are  m^ 
viiliials  as  onable  to  appreciate  musical  sounds,  as  otheciait 
to  liistiuprnish  colon  ra;  whilst  yiersona  possessed,  of  an  JicQlf 
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different  persons;  so  also  does  the  power  of  distinguishing 
differences  in  pitch.  The  power  of  judging  of  the  direction 
of  sounds,  would  seem  to  be  almost  whoUj  the  result  of  habit. 
The  different  intensity  of  a  given  sound,  as  heard  by  the  two 
ears,  may  assist  in  the  determination  of  a  knowledge  of  its 
direction ;  but,  to  a  certain  extent,  one  ear  will  suffice  for 
this  purpose.  The  notion  of  the  distance  of  sounding  bodies, 
is  also  acquired  by  habit,  the  mind  chiefly  judging  from  the 
relative  loudness  or  faintness  of  a  known  kind  of  soimd  ;  but, 
in  this  respect,  there  is  great  liability  to  deception,  and  hear- 
ing is  not  so  accurate  a  guide  as  sight.  Like  the  other  senses, 
hearing  can  be  much  improved  by  education ;  in  the  blind, 
it  is  so  highly  developed,  that  they  are  mainly,  if  not  entirely, 
guided  by  it,  in  walking.  The  Indian,  by  listening  on  the 
ground,  can  detect  the  distant  foot- fall  of  his  enemy  or  prey. 

The  auditory  nerves  can  be  excited  by  various  intenial 
mechanical  causes,  operating  generally  through  certain  move- 
ments of  the  blood  and  blood-vessels ;  for  example,  in  dila- 
tation of  the  vessels  from  congestion  of  the  head,  in  extravasa- 
tion of  blood,  in  morbid  conditions  of  the  circulation  in  the 
brain  and  internal  ear,  dependent  on  extreme  debility,  in 
narcotic  poisoning,  and  in  great  bodily  collapse,  as  before  the 
commencement  of  fainting.  Obstructions  in  the  tympanum,  or 
Eustachian  tube,  may  also  produce  abnormal  noises  in  the 
head.  It  is  not  yet  determined  whether  electricity  can  excite 
the  auditory  sense,  tmless  indirectly,  by  disturbance  of  the 
tympanic  apparatus. 

Sonorous  undulations  conducted  through  the  tympanum,  are 
referred,  by  the  sensorium,  to  the  exterior;  whereas  those  con- 
ducted through  the  cranial  bones,  appear  to  proceed  from  the 
head  itself. 

As  in  the  other  organs  of  sense,  here  also,  there  are  after- 
sensations  and  subjective  sensations.  For  example,  the  noises 
in  the  ear,  which  remain  after  certain  sounds,  when  these  have 
excited  the  auditory  nerve  for  a  lengthened  period,  are  analo- 
gous with  the  aft«r-sensations  of  touch,  taste,  and  smell.  The 
noises  in  the  head  and  ear,  such  as  musical  phrases,  and  the  sing- 
ing, buzzing,  ticking,  and  humming  sounds,  heard  by  persons 
suffering  from  disease  of  the  brain  or  auditory  nerve,  are  ex- 
amples of  subjective  sensations.  Delusions  of  the  auditory 
sense  are  not  uncommon,  especially  amongst  excitable  persons. 

The  various  uses  of  the  sense  of  hearing  are  sufficiently 
obvious. 
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The  Org  fins  and  Settse.  of  Hearing  in  Animaii* 

Thf  orpim  nt  Hearing,  in  Mammalia  ^^neraUj,  i&,  m  all  psitkafaWs 
fiiw^i  nict^l  111!  llic  huiTtiu  p^aii  &s  tlmt  of  Man^  The  eixt^rtiAl  £mr  comi^ 
tjiii  I'iirtibi^nou}^  piniui,  and  of  a.  parti y  cartilo^ nous  aod  paitlToiicoi^ 
iinatii^i.  Thfi  farniDris  !jft<?n  ki^e, aail  provided  with  Bimieroud  mmrt- 
tii]  iiuiscleMj  ill  the  l.it^tivtT,  oiler,  aiid  otht«r  diring  animak^  it  i^  liit 
slii;!iUy  (iev«  loptnl;  in  the  teals,  tbo  mole,  the  Cetacf^,  the  itrtnAiiilltt, 
aT^l  tlie  ornilhurhviKhu^,  ii  i>*  nVisent.  The  external  m^^f  a»  i*  t^mt* 
times  provided  with  a  fold  qI  the  aiiiicle,  by  mea^ft  of  whicli  it  can  be 
elost'd,  rts  tlve  wir-tlap  of  thf  clephaut,  and  the  -ndve-like  antitiiiza? 
nt  iho  TTAler^slirew,  The  geoeinJ  df^velopment  of  th^  ext^rjial  tar,  *^ 
pt'jirH  to  )}c  ppi>p>rtiuaiil  lo  the  otiuteBes^  of  hearing.  It  ftttAiBf  its 
[iii.'h4."jit  development  in  the  ha ts,  iii  which  its  fonsm  are  often  re*mart&Uf. 
The  eiitninfe  to  iho  t^^^mptvnum  ii*  usimllj  snrrotmdod  by  a  separate*  Um, 
the  4)«  t_vm|vinieum ;  biit  in  tho  monkey,  as  in  inivn,  this  L"?  blended  witit 
tli>'  pttruu^  part  of  the  temporal  bonp.  The  cavity  of  the  tTrnpanm 
frin^iiently  e^tendt^  widely  into  tho  a4ia<^ent  OBk^eous  stnictTJiri^,  TV 
t^nnpiiriiL'  osMides  iiro  three  in  ntimb<?r;  they  pre*sent  ^rtat  variet*  c: 
sha[*,  although  they  always  resemble  those  of  man.  In  some  IIa^ 
fiiipiiilsj  the  wtapoi^  is  simply  style-shftped*  with  a  broad  bft:se,  or  is  dividi^ 
iiitn  two  fthort  i^rum  oulvt  ft  conditioQ  which  i^omewhat  apprt«K*h«  tk 
rt'pn?sentative  liouL,  tlie  colmnella,  in  biiil^  Id  the?  Cotaci^,  thf  wilfe 
of  tljy  tympimnn  arc^  y^ry  thitVfci  and*  when  detached  from  thts  ivsl  of  Um 
jif^nou^  bou«^,  form  the  remarkable  so-ca.Ded  ear-lK>ne  of  those  aniniAlf ;  la 
liit'iTi,  the  Eu.ttiiehiaii  tube  iw  membranous.  In  difletent  speciee  of  Mim- 
TTiftlitu  the  eot'hlea  forms  from  1^  to  5  turns.  The  InbyriDtli  is  complete!^ 

iln.^UIid  III  the  p^trtHis  portiun  of  ths  temporal  bone;  in  the  mdi 
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mnRCular  valve.  All  reptiles,  except  serpents,  possess  a  membrana 
tympani,  tympanic  cavity,  and  Eostacliian  tube.  In  the  serpents,  how- 
ever, these  parts  are  absent,  and  the  columella,  which  is  represented  by 
a  small  rod-like  bone,  is  embedded  in  the  flesh.  In  some,  the  membrana 
tympani  is  visible  externally,  in  others,  it  is  covered  by  the  skin.  The 
columella  consists  of  a  row  of  little  bones ;  the  first,  corresponding  to 
tho  stapes,  closes  in  the  fenestra  ovalis ;  the  second  represents  the  incus, 
and  the  third,  a  cartilaginous  portion  connected  with  the  membrana 
tympani,  the  malleus.  The  labyrinth  contains  a  rudimentair  cochlea, 
consisting  of  a  short,  conical,  straight,  or  slightly  curved  canal,  divided, 
by  an  internal  septum,  into  two  scalte.  This  simple  form  of  cochlea 
iUuMtrates  very  well  the  formation  and  structure  of  the  more  complex 
spiral  cochlea  in  the  Mammalia  and  Man;  for  by  imagining  sudi  a 
double  conical  tube  or  canal  to  be  rolled  upon  a  central  axis,  the  shell- 
like organ  of  the  higher  Vertebrata  would  be  produced.  There  are  three 
Hcmi-circular  canals  provided  with  ampullae.  The  sac  of  the  vestibule 
contains  otoliths,  which  form  a  finable  mass. 

In  Amphibia,  the  cochlea  is  absent,  and  there  is  no  fenestra  rotunda. 
Some  possess  a  tympanum,  others  do  not.  Tho  triton  has  merely  a 
vestibule  with  a  single  otolith  and  three  semi-circular  canals;  the 
vestibule  approaches  the  exterior  by  the  fenestra  ovalis,  which  is  not 
occupied  by  the  stapes,  but  is  closed  by  a  small  lid.  The  flat  plate 
of  the  stupes,  alone  represents  the  auditory  ossicles;  it  lies  in  the 
muscles.  In  tho  fully  developed  frogs,  with  but  few  exceptions,  there  is 
a  membrana  tympani,  and  a  tympanum,  from  which  a  short  Eustachian 
tul)e  passes  into  the  throat.  The  pipa  has  a  cartilaginous  membrana 
t}'mpani,  and  its  two  Eustachian  tubes  open,  by  a  common  orifice,  in  the 
middle  of  tho  palate.  Tho  walls  of  the  labyrinth  are  partly  cartila- 
ginous, partly  l)ony,  and  this  cavity  ends  externally  in  the  fenestra 
ovalis,  from  which  three  ossicles,  in  part  cartilaginous,  pass  across  the 
tympanum,  to  tho  membrana  tympani. 

In  Fishes  generally,  the  external  ear  and  tympanum  never  exist.  The 
cochlea  also  is  absent,  so  that  even  the  internal  ear  is  incomplete. 
Some  osseous  fishes,  however,  present  rudiments  of  a  tympanic  cavity. 
The  vestibule  always  contains  a  utricle,  and  generally  a  saccule  as  well, 
each  with  its  included  otolith ;  connected  with  these,  are  either  some  im- 
perfectly developed  semi-circular  canals,  or  one.  two,  or,  more  commonlv, 
three  perfect  canals  of  large  size,  ending  in  the  vestibule.  In  certain 
cartilaginous  fishes,  viz.  the  rays  and  skates,  the  cavity  of  the  vestibule 
is  prolonged  to  the  surface  of  the  back  part  of  the  head,  where  a  mem- 
brane, which  may  be  said  to  correspond  with  that  closing  the 
fenestra  ovalis,  is  seen.  The  walls  of  the  vestibule  and  semicircular 
Ciinals,  which  are  either  cartilaginous  or  bony,  according  to  the  character 
of  the  skeleton,  usually  project  into  the  cranial  cavity ;  in  the  higher 
forms  only,  are  they  partly  contained  in  the  temporal  bone.  No  auditory 
org:in  has  yet  been  discovered  in  the  amphioxus. 

From  the  preceding  account,  it  will  be  seen,  that  a  ftilly  developed 
spiral  cochlea  exists  only  in  the  Mammalia ;  that  this  part  is  compa- 
ratively simple  and  slightly  curved  in  Birds,  is  quite  rudimentary  in 
Reptiles,  or  altogether  absent,  as  in  the  aquatic  chelonia,  and  is  wanting 
i n  Amphibia  and  Fishes.  The  tympanic  chamber  and  apparatus,  together 
with  the  Eustachian  tube,  are  also  simplified  in  Birds  and  Reptiles,  below 
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which  a  tympanum  does  not  exist,  except  in  the  most  highly  developed 
amphibia,  in  which  a  small  tympanum  is  present,  but  there  is  no  fenestra 
rotunda.  The  above-named  structures,  including  also  the  fenestra  ovalis 
and  fenestra  rotunda,  are  therefore  proper  to  animals  which  live  entirely 
in  air.  This  general  fact  must  be  regarded  as  a  proof  of  the  special 
office  of  these  parts,  as  conductors  of  atmospheric  sounds.  In  those 
which  inhabit  water  exclusively,  the  semicircular  canals  and  vestibule 
alone  are  present,  and  even  the  former  disappear  in  the  lowest  organised 
fishes,  leaving  the  vestibule  only  as  the  representative  of  the  auditory 
organ.  In  such  cases,  the  sonorous  vibrations  must  reach  the  labyrinth 
directly,  through  the  framework  of  the  head.  The  otoliths  are  more 
largely  developed  in  the  simpler  forms  of  auditory  apparatus. 

In  such  of  the  non-vertebrated  animals  as  are  purely  aquatic,  the 
auditory  apparatus  consists  essentially  of  a  sac  or  vestibule,  in  which  a 
more  or  less  regularly  formed  cretaceous  otolith  is  found,  and  which  is 
connected  with  a  special  nerve.  Into  this  sac,  the  sonorous  undulations 
are  readily  conveyed  from  the  water;  it  is  analogous  to  the  mem- 
branous vestibule  of  the  vertebrate  ear.  In  the  air-breathing  Annulosa, 
other  contrivances,  of  which  dry  elastic  membranes,  calculate  to  receive 
vibrations  through  the  air,  form  a  part,  are  met  with. 

In  the  MoUusca,  double  symmetrical  organs  of  hearing  are  present  in 
all  the  classes,  even  in  certain  Lamellibranchiata.  They  are  con- 
nected, by  means  of  short  auditory  nerves,  either  with  the  sulxBsophageal 
ganglia,  as  in  the  higher  MoUusea,  or  with  the  pedal  ganglia,  as  in  the 
Gtisteropodous  and  lower  forms.  In  the  Cephalopoda,  these  organs 
consist  of  two  flask-shaped  sacs,  the  analogues  of  the  membranous 
labyrinth  of  the  Vertebrata.  They  lie  close  together,  in  an  excavation  of 
the  cartilage  of  the  head,  the  cartilaginous  vestibule.  Each  contiiins  a  large 
cretaceous  otolith,  with  some  fluid.  The  space  between  the  sac  and  the 
cavity  in  which  it  is  lodged,  is  filled  with  gelatinous  fluid,  and  the  cavity 
itself  is  perforated  by  the  auditory  nen*e,  which  is  distributed  to  the 
sac.  In  the  remaining  classes  of  the  Mollusca,  the  organs  of  hearing 
are  more  simple,  each  consisting  of  a  simple  roundish  or  oval  sac, 
situated  in  the  soft  parts,  closely  attached  to  the  auditory  nerve,  and 
containing  a  fluid,  with  a  central  otolith  suspended  in  it;  sometimes 
the  sac  is  lined  with  a  ciliated  epithelium.  Amongst  the  Molluscoida, 
similar  auditory  vesicles  are  found  in  some  Ascidioida. 

The  Annulosa  are  not  universally  provided  with  acoustic  organs.  In 
Insects,  it  has  been  conjectured,  that  such  organs  exist  at  the  base  of 
the  antennae,  where  a  soft  membrane,  made  tense  by  those  parts,  is 
supposed  to  represent  a  sort  of  tympanic  membrane;  others  imagine 
that  the  antennae  themselves,  being  supplied  with  large  nerves,  can 
appreciate  vibrations.  In  the  grasshopper  and  cricket  tril>es,  there  is 
sometimes  found,  on  both  sides  of  the  first  abdominal  ring,  a  large  oblong 
depression,  set  in  a  firm  horny  ring,  and  closed  at  the  bottom  by  a  deli- 
cate membrane.  A  little  vesicle,  containing  a  watery  fluid,  is  connected 
with  the  inner  surface  of  this  membrane,  by  means  of  two  homy  pro- 
cesses ;  this  may  be  regarded  as  a  sort  of  rudimentary  labyrinth.  The 
auditory  nerve,  which  proceeds  from  the  third  thoracic  ganglion,  forms  a 
swelling  as  it  spreads  over  the  vesicle,  which  is,  by  some,  reganled  merely 
as  &  portion  of  the  nerve.  A  large  tracheal  sac,  near  the  auditory  sac, 
connected  with  the  third  stigma,  may  perform  the  office  of  a  tympanum. 
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In  certain  locusts,  the  oigan  of  hearing  is  still  more  curiously  placed^ 
viz.  on  the  chief  segment  of  the  front  limbs :  it  consists  aUo  of  a  vibrating 
or  tympanic  membrane,  sometimes  superficial,  sometimes  embedded  in  a 
cavity,  having  a  slit-like  aperture ;  near  it,  is  found  a  tracheal  chamber, 
and  the  nerve  spreads  out  upon  it,  in  the  form  of  fine  parallel  stris. 
In  the  Myriapoda,  organs  of  hearing  have  not  yet  been  found.  The 
Arachnida  appear  to  possess  considerable  auditory  sense,  but  no  special 
organ  of  hearing  has  been  discovered  in  them.  Amongst  the  larger 
Crustacea,  the  organ  of  hearing  is  now  said  to  be  usuallpr  situated  in  the 
basal  joint  of  the  first  pair  of  antennae.  In  this  situation,  for  example, 
in  the  lobster  and  river  crawfish,  there  exists  a  hollow  chamber  opening 
externally  bv  a  narrow  slit  in  it«  thin  membranous  walls,  and  occupied 
by  a  sac  filled  with  water,  in  which  are  frequently  found  minute  par- 
ticles of  sand,  which  have  entered  from  without.  On  one  side  of  this 
chamber,  is  a  fine  striated  structure ;  a  ner\'e,  which  arises,  with  the 
nerve  of  the  antennse,  from  the  sub-cesophageal  ganglion,  spreads  out  upon 
it.  A  greenish  ghindular  mass,  found  near  this  sac,  is  uialogous  to  the 
cement  gland  in  the  cirrhopods,  which  are,  however,  destitute  of  auditory 
sacs.  The  acoustic  function  of  this  antennal  sac  has  been  doubted, 
because  its  small  tympanum-like  covering  membrane  seems  less  adapted 
to  convey  vibrations,  than  the  firm  shell  of  the  animal;  moreover,  since  in 
8om(>  species,  it  exhibits  an  opening  which  permits  of  the  entrance  of 
water  into  its  interior,  it  has  been  described  as  an  ol&ctory  organ. 
(Rosenthal.)  This  organ  presents  great  varieties  among  the  decapoda ; 
in  the  spiny  crab,  its  covering  is  crustaceous,  and  little  muscular  bundles 
are  found  beneath  it.  In  the  squilla,  it  is  altogether  wanting ;  but  in 
them,  in  certain  species,  there  is  found,  in  the  base  of  the  second  and 
seventh  thoracic  pairs  of  foet,  and,  in  mysis,  in  the  inner  pair  of  the  tail- 
plates,  a  completely  closed  sac,  containing  a  spherical  crystalline  body, 
provided  with  stiff  bristles,  which  has  been  regarded  as  an  auditory 
organ,  analogous,  in  its  formation,  with  the  simple  auditory  vehicles  of 
the  lower  MoUusca.  In  the  Annelida  or  worms,  a  pair  of  ciliated  audi- 
tory vtjsicles,  "with  contained  otoliths,  is  often  present  in  the  head ;  they 
art"  connt'cteil  with  the  (esophageal  ring.  The  great  variability  in  the 
seat  of  the  auditory  apparatus,  is  accordingly  quite  as  markeil  in  the 
Annulosii  as  in  the  Mollusca,  as  is  exemplihed  especially  in  the  grass- 
hopper, locust,  mysis,  and  squilla,  in  which,  as  in  the  Gasteropodous 
and  1^1  m ell i branchiate  Mollusca,  it  is  associated  with  the  pedal  or  loco- 
motive ganglia,  or  even  with  some  part  of  the  locomotive  apparatus.  In 
the  Vertebrata,  likewise,  the  organs  of  hearing  are  connected  with  the 
back  of  the  medulla  oblongata,  lower  than  the  centres  of  origin  of  the 
nervfs  of  the  other  special  senses,  and  nearer,  therefore,  to  the  motor 
apparatus  generally. 

Amongst  certain  of  the  Annuloida,  as  in  the  marine  Turbellaria,  and 
perhaps  also  in  some  Rotifera,  an  auditory  vesicle,  containing  an  otolith, 
and  no  longer  double  and  symmetrical,  but  single,  is  found  lying  closely 
on  the  chief  nervous  ganglion.  But  most  of  the  Rotifera,  and  all  the 
Entozoa,  are  destitute  of  special  auditory  oi^ns  ;  nor  lias  any  such 
apparatus  been  detected  in  the  Echinodermata. 

In  the  Ca'lenterata,  however,  there  are  found,  in  both  the  discoid  and 
ctenophorous  forms,  but  chiefly  in  the  medusse,  auditory  sacs  named 
lithocystSf  which  enclose  crystalline  particles,  supposed  to  \>^  ;^Tka\.vsi^''(>& 
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to  otoliths;    these   are   numerous,  and  arc  found    on   the  margin  of 
thf  disc;    thoy  frequently  Imve  pigment  spots,  or  ocular  spota,  natf 

tllt'ITl. 

Tlie  Protozoa  are  entirely  destitute  of  auditoiy  organs. 
THE  SENSE  OF  SIGHT. 

The  Ch^gans  of  Sight, 

Tlie  organs  of  sight,  in  Man,  consist  of  the  eyehalU  or  gJ(^^ 
ol'  the  ejies.  The  external  protective  appendiigesi  of  the  f^t, 
lu'o  the  ef/chrou'Sy  the  et/elidSy  and  the  lachrtpnal  giand  sjid  a/n 
jmnitus.  The  eyeballs  and  the  lachrymal  glands,  are  lodged 
in  tlie  bonv  cavities,  named  the  orbits. 

The  orbits  are  pyramidal  in  shape ;  their  apices  are  directed 
l):u'k wards  and  inwards,  so  that  their  axes  converge  posteriorlv. 
and  diverge  anteriorly.  In  the  apex  of  each  orbit,  are  soveiil 
openings,  which  transmit  the  optic  nerve,  the  common  scnsorv', 
motor,  and  sympathetic,  nerves  of  the  eyeball,  as  well  as  iis 
bloodvessels  and  lymphatics.  The  orbit  also  contains  the 
lachrymal  gland,  the  ocular  muscles^  and  a  quantity  of  fet,  on 
wliieh  the  eyeball  rests  and  moves  as  upon  a  soil  cusliion: 
between  tliis  and  tlie  eyeball,  is  a  loose  cellular  capsule. 

The  et/ebroics,  or  the  arched  eminences  siurmountinff  the 
ortm^T  f^Jiistst  of  thick  muscuJo-ciitaneous  ridsjes,   endaan^ 
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strengthened,  and  tie  the  outer  ends  of  the  cartilages  to  the 
bone ;  the  inner  ends  of  the  cartilages  are  connected  with  a 
short,  strong,  horizontal  tendon,  called  the  tendon  of  the  eye- 
lids, or  tendo  oculi,  which  extends  from  the  tips  of  the  carti- 
lages, to  the  inner  wall  of  the  orbit.  The  cartilages  are  kept 
in  contact  with  the  eyeball,  in  all  its  various  movements,  by 
means  of  a  small  muscle,  named  the  tensor  tarsi,  placed  behind 
the  tendon  of  the  eyelids. 

The  levator  palpebrce  muscle,  above  mentioned,  arises  from 
the  bottom  of  the  orbit,  and  passes  forwards  above  the  eyeball, 
to  be  inserted  into  the  posterior  edge  and  surface  of  the  upper 
tarsal  cartilage;  it  pulls  back  this  lid,  and  so  uncovers  the 
front  of  the  eyeball.  The  lower  lid  has  no  depressor  muscle 
to  lower  it,  but  descends  a  little  by  its  own  elasticity.  Ac- 
cording to  Wagner,  the  imstriped  muscular  fibres  of  the  lids, 
also  co-operate  in  opening  the  eyelids,  being  governed,  as 
shown  by  experiment,  by  Uie  sympathetic  nerve.  The  ordi- 
nary closure  of  the  eyelids,  is  accomplished  by  the  action  of 
the  part  of  the  orbicularis  muscle  which  lies  upon  the  eyelids: 
their  more  forcible  closure,  by  the  part  of  the  same  muscle 
which  surrounds  the  orbit.  The  levator  palpebrse  muscle  is 
supplied  by  the  third  cranial  nerve,  and  the  orbicular  muscle 
by  the  seventh  or  facial  nerve. 

Tlie  mucous  membrane  lining  the  inner  surface  of  the  eye- 
lids, is  continuous  with  the  skin  at  the  free  margins  of  the 
lids;  it  is  reflected  from  the  lids,  over  the  fore-part  of  the 
eyeball,  so  as  to  connect  these  two  parts,  whence  it  is  called 
the  conjunxitiva ;  it  is  also  prolonged  into  various  ducts  and 
canals.  Where  it  covers  the  anterior  transparent  part  of  the 
eye,  named  the  cornea,  the  conjunctiva  is  very  thin,  colourless, 
and  but  slightly  endowed  with  sensibility ;  the  part  covering 
the  wliite  portion  of  the  eyeball,  called  the  sclerotic  coat,  is 
somewhat  thicker.  On  the  inner  surface  of  the  eyelids,  it 
is  much  thicker,  highly  vascular,  very  sensitive,  provided  with 
closely- set  papillae,  and  firmly  adherent  to  the  cartilages.  It 
is  covered  by  a  many-layered  squamous  epitheliiun. 

On  the  ocular  surface  of  the  tarsal  cartilages,  between  them 
and  the  conjunctiva,  are  situated  the  Meibomian  glands.  These 
are  modified,  and  complex,  sebaceous  glands  (fig.  78),  consist- 
ing of  a  series  of  ducts,  placed  side  by  side,  and  perpendicu- 
larly to  tlie  margins  of  the  lids,  each  communicating  with 
numerous  lateral  follicles  or  crypts,  b.  They  occupy  little 
grooves  on  the  inner  surfaces  of  the  cartilages,  and  their  duct& 
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open,  by  minute  orifices,  a,  on  the  free  mai^ns  of  the  lids. 
Each  duct,  with  its  lateral  crypts,  resembling  rows  of  onions 
on  a  string,  consists  of  a  membranous  wall,  lined  with  a  glan- 


Pig.  78.  A  portion  of  the  margin  of  the  upper  ^jelid,  showlnft  a  few  of 
the  Meibomian  glands  attached  to  it.  a.  orifices  of  the  central  ducU  of 
each  gland.  6,  rows  of  follicles  or  sacs,  arranged  upon  each  central 
duct. 

dular  epithelium,  which  secretes  a  sebaceous  matter.  In  the 
upper  lid,  there  are  about  thirty  glands;  in  the  lower  lid, 
from  fifteen  to  twenty,  and  they  are  much  shorter. 

The  elliptical  interval  between  the  opened  eyelids,  is  called 
the  palpebral  fismre  ;  the  outer  and  inner  angles  of  this  fissure, 
are  named  the  canthi.  At  the  outer  canthus,  the  bevelled  mar- 
gins of  the  lids,  form  an  acute  angle ;  but  at  the  inner  canthus, 
the  margins,  which  are  here  rounded,  are  separated  by  a 
small  interval,  called  the  lacua  lachrymalis^  the  lachrymal  lake 
or  pit,  fig.  79.  Along  the  margins  of  the  eyelids,  are  two 
or  more  rows  of  finely-curved  hairs,  named  the  c»7iVi  or  eye* 
lashes ;  in  the  upper  lid,  they  are  more  numerous,  thicker,  and 
longer  than  in  the  lower  lid ;  the  lashes  of  the  upper  lid  curve 
upwards,  those  of  the  lower  lid  downwards,  so  that  they  do 
not  interlace  when  they  meet  or  separate.  At  the  inner  can- 
thus,  is  placed  a  sofl  red  fleshy-looking  eminence,  the  carvncU, 
from  caro,  flesh ;  it  is  made  up  of  a  cluster  of  follicles, 
covered  with  mucous  membrane,  and  studded  with  a  few  very 
fine  hairs.  Between  the  caruncle  and  the  eyeball,  is  a  thin 
semilunar  fold  of  the  mucous  membrane,  the  concavity  of 
which  is  turned  towards  the  eye  (fig.  79) ;  this  is  the  rudiment 
of  the  viembrana  nictitans  (from  nicto,  to  wink),  or  haiCy  of 
the  horse  and  mammalia  generally,  and  of  the  third  eyelid  of 
birds.  In  front  of  the  edge  of  this  membrane,  on  the  margin 
of  each  eyelid,  are  two  little  conical  eminences,  named  the 
lachrymal  papillce ;  in  the  apex  of  each  of  these,  is  a  small 
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aperture,  the  lachrymal  punctum.  These  puncta  are  the 
commencement  of  the  lachrymal  canals,  which  carry  away  the 
secretion  of  the  lachrymal  glands. 

The  lach^ymal  gland  in  each  orbit,  is  a  small  almond-shaped 
body,  figs.  79,  1,  fig.  80,  ^,  situated  in  a  slight  depression  at 
the  upper  and  outer  part  of  the  orbit,  between  it  and  the 
eyeball ;  it  reaches  forwards  to  the  upper  eyelid,  with  which 
a  portion  of  it  is  connected.  This  is  a  compound  racemose 
gland,  and  its  ducts,  from  six  to  twelve  in  nimiber,  open  on 


Fig.  79. 


Fi?.  79.  Front  of  the  eyeball  and  its  appendages.  1,  dotted  outline,  show- 
ing the  position,  size,  and  shape  of  the  lachiymal  gland.  2,  similar  out- 
line, showing  the  form  and  position  of  the  lachrymal  sac  and  nasal  duct. 
On  the  left  hand  of  this,  other  dotted  lines  indicate  the  course  of  the 
two  lachrymal  canaliculi,  leading  into  the  sac,  one  above,  and  one  below, 
the  lachrymal  lake  or  sinus,  which  is  occupied  by  the  caruncle ;  between 
the  caruncle  and  the  eyeball,  is  the  edge  of  the  rudimentary  nictitating 
membrane.  The  asterisk  *  indicates  the  orifice  of  the  lower  canaliculus, 
named  the  inferior  lachrynutl  punctum.  The  orifices  of  the  Meibomian 
glands,  are  seen  in  the  margin  of  the  lower  eyelid.  The  white  exposed 
part  of  the  eyeball,  corresponds  with  a  portion  of  the  sclerotic  coat  of 
the  eye.  The  circular  dark-coloured  part  represents  the  iris,  perforated 
by  the  pupil,  and  covered  Xxy  the  transparent  coat  or  cornea. 


the  inner  surface  of  the  upper  eyelid,  just  above  the  outer 
canthus.  The  tears  are  a  clear,  saune,  alkaline  fluid,  and  con- 
tain a  minute  quantity  of  albuminoid  matter ;  their  total  solid 
constituents  amount  to  only  1  per  cent. 

The  lachj't/mal  canals,  or  canaliculi,  fig.  79,  conunence,  as 
already  stated,  at  the  lachrymal  puncta ;  they  are  two  short 
tubes,  placed  beneath  the  skin,  one  above,  and  one  below,  the 
lachrymal  lake;  the  superior  canal,  which  is  smaller  and 
longer  than  the  lower  one,  passes  upwards  and  then  inwards 
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the  inferior  downwards  and  then  inwards,  and  both  terminate 
in  a  large  membranous  bag,  called  the  lachrymal  sac. 

The  lachrymal  sac,  2,  is  lodged  in  the  deep  lachrymal 
groove,  formed  in  the  inner  wall  of  the  orbit ;  it  terminates 
below,  in  a  narrower  tube,  the  nasal  ducty  which  extends  to 
the  inferior  meatus  of  the  nose.  The  lower  end  of  the  nasal 
duct,  is  somewhat  expanded,  and  is  often  partially  closed  by  a 
membranous  fold  or  valve. 

The  lachrymal  sac  and  canals  consist  of  fibrous  and  elastic 
walls,  lined  internally  by  mucous  membrane.  The  epitheliimi 
of  the  mucous  membrane,  in  the  canals  and  upper  part  of  the 
sac,  is  laminated,  squamous,  and  destitute  of  cilia;  in  the 
lower  part  of  the  sac,  and  in  the  nasal  duct,  it  is  ciliated.  This 
membrane  is  continuous  above,  through  tie  canaliculi,  with 
the  conjunctiva,  and  below,  through  the  nasal  duct,  with  the 
pituitary  membrane  lining  the  nose. 

The  eyebrows,  by  their  elevation  and  depression,  influence 
the  amount  of  light  reaching  the  eyes ;  thev  also  serve  slightly 
to  protect  these  organs  from  foreign  booies,  and  from  the 
perspiration  running  down  the  forehead. 

The  eyelids,  eyelashes,  and  lachrymal  apparatus,  are  parts 
admirably  adapted  for  the  preservation  and  protection  of  the 
eyes.  By  means  of  the  two  former,  the  entry  of  foreign 
bodies  floating  about  in  the  air,  is  prevented,  and  the  eyes  are 
protected  from  excessive  light.  The  eyelids,  besides,  play  a 
moat  important  part  in  cleansing  and  moistening  the  surfiice 
of  the  eyeball.  In  the  act  of  winking,  which  may  be  volun- 
tary, but  is  usually  reflex,  and  consiots  merely  in  the  rapid 
shutting  and  somewhat  slower  re-opening  of  tlie  lid^s,  foreign 
bodies  are  carried  inwards,  by  a  kind  of  sweeping  movement, 
to  the  lachrymal  lake.  The  secretions  of  the  conjunctiva  and 
glandular  appendages  of  the  eye,  when  flowing  in  moderate 
quantity,  partly  evaporate,  but  are  chiefly  conveyed  towards 
the  lachrymal  puncta,  whence  the  residuary  fluid  portion  passes, 
partly  by  capillary  attraction,  and  partly  by  the  action  of  the 
orbicularis  muscle,  and  of  the  tensor  tarsi  muscle,  hence 
cidled  the  muscle  of  the  lachrymal  sac,  into  the  lachrymal 
canals  and  sac,  and  thence,  through  the  nasal  duct,  into  the 
nose.  Deep  and  quick  inspirations  may  likewise  aid  the 
descent  of  the  fluid,  by  an  exhausting  or  sucking  action. 
Wlien  the  secretion  of  the  lachrj^raal  glands  is  greater  in 
quantity  than  can  be  carried  away  by  the  lachrymal  ducts, 
the  overflow  constitutes  the  tears. 
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The   secretions  of  the   lachrymal  gland  and  conjunctiva, 

*  moisten  the  surface  of  the  eye,  facilitate  the  movemcnta  of 
"  the  eyeball,  and,  preventing  loss  by  evaporation,  preserve  the 
^  transparency  of  the  so-called  cornea.  The  tears  are  the  most 
^  abundant  of  these  secretions ;  but  afler  the  loss  of  the  lachrymal 
^  gland,  the  eye  still  remains  moist.  The  sebaceous  secretion  of 
!;  the  Meibomian  follicles,  lubricates  the  margins  of  the  eyelids, 
"  prevents  their  adhesion,  and  protects  them  irom  the  action  of 

the  tears.  An  increased  How  of  tears  is  excited  by  the  action 
'  of  strong  light,  by  irritants  operating  on  the  conjunctival, 
'  nasal,  and  lingual  branches  of  the  liilh  cranial  nerve,  by 
^  vomiting,  violent  coughing,  and  by  mental  emotions  causing 
'     laughing  or  crying. 

i  The  Eyeball. 

^  The  eyeball,  or  globe  of  the  eye^  fig.  80,  is  a  strong  closed 
membranous  sac,  rudely  compared  to  a  globe,  but  in  reality 
^  composed  of  a  large  segment  of  one  sphere,  having  a  small 
'  segment  of  a  lesser  sphere  affixed  to  it  prominently  in  front,  c, 
*■  The  diameter  of  these  two  spheres  is  about  as  11  to  7.  The 
eyeball  is  furnished  with  a  number  of  small  muscles,  which 
^  closely  surround  it,  and  is  abimdantly  supplied  with  vessels, 
*'  lymphatics,  and  nerves.  It  is  attached  behind,  to  the  optic 
^ '  nerve  w,  and  is  also  maintained  in  position  by  its  muscles, 
^  vrhich  pass  to  it  from  the  orbital  walls.     In  front,  the  eyeball 

*  is  free.     It  mejisures  about  one  inch  in  its  antero-posterior 
^   diameter,  and  about  one  line  more,  from  side  to  side.     The 

coats  of  the  eyeball  are  partly  transparent^  partly  opaque,  the 

*  former  occupying  a  portion  of  the  front  of  the  eyeball,  the 

*  latter  the  remainder  of  the  globe.  The  former  constitutes 
the  cornea ;  the  latter,  of  which  only  a  part  is  visible,  is  the 
white  coat,  named  the  sclerotic.  Within  this  coat,  is 
spread  out  a  black  pigmentary  layer,  named  the  choroid,  and 
within  tliis,  the  retina,  the  delicate  nervous  expansion  of  the 
optic  nerve.  The  interior  of  the  globe  is  partially  divided 
into  two  parts  by  a  perforated  septimi,  named  the  im,  and  is 
occupied  by  certain  transparent  media,  called  humours.  The 
rays  of  light  penetrate  the  transpjirent  coat  and  media,  to 
reach  the  back  j>art  and  sides  of  the  interior  of  the  eyeball ; 
passing  through  the  opening  in  the  iris,  and  impinging  on  the 
retina,  they  form  uiK)n  it,  definite  images  of  external  objects. 
The  effects  of  such  impressions  are  conveyed  by  the  optic 
nerve  to  the  sensorium^  and  excite  the  sensation  of  light. 

mm2 
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A  straight  line  passing  directly  backwards,  through  the 
centre  of  tlie  cornea,  or  transparent  part  of  the  eyeball,  is 
named  its  antero-posteriorj  visual,  or  optiCj  axis.  This  does 
not  correspond  with  the  axis  of  the  orbit,  which  paaaes  ob- 
liquely backwards  and  inwards.  The  antero-poBterior  axes  of 
the  two  eyeballs,  are  parallel,  when  the  eyes  are  at  rest,  and 

Fig.  80. 


Fig.  80.  Left  eyeball,  seen  from  above,  with  a  portion  of  the  bone  at  the 
bottom  of  the  orbit,  the  left  optic  nerve,  and  the  optic  oommiHure. 
showibg  some  of  the  ocular  muscles.  1,  superior  rectus  muscle.  1 
external  rectus  muscle.  8,  internal  rectus  muscle.  4, 4,  superior  obliqae 
muscle,  passing  through  the  trochlea  or  pulley,  by  which  the  direction 
of  its  tendon  is  changed,  before  it  is  inserted  into  the  eyebalL  t,  common 
tendinous  origin  of  the  ocular  muscles,  surrounding  the  optio  foramen, 
at  the  bottom  of  the  orbit,  g,  the  lachrymal  gland,  e,  the  transpareot 
coat  of  the  eyeball,  or  cornea.  The  rest  of  the  eyeball  is  covered  taj  the 
sclerotic,  o  c,  the  optic  commissure.  »,  the  left  optic  nenre  passing 
obliquely  forwards,  in  the  axis  of  the  orbit,  to  reach  the  eyebalL  The 
autero-iMMtcrior  axis  of  the  eyeball,  when  at  rest,  is  not  oblique,  but  is 
directed  forwards,  the  axes  of  the  two  eyeballs  being  then  parallel. 

also  in  certain  motions.  The  optic  tracts,  on  each  side,  arise 
from  the  optic  tlialami  and  corpora  quadrigemiua,  and  may 
be  regarded  as  prolongations  of  the  cerebrum,  rather  than  a* 
nerves ;  they  converge,  and  join  in  the  middle  line,  to  fonii 
the  optic  commissure,  o  c,  from  which,  in  front,  the  optic  nen'c? 
are  given  off.      These   nerves  diverge  to  enter    the  optic 
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foramina,  t,  of  tlie  orbits,  where  they  receive  a  protecting 
sheath  from  the  dura  mater,  processes  from  which,  pass  be- 
tween the  nervous  funiculi.  Each  nerve,  after  entering  the 
orbit,  pierces  the  sclerotic  and  choroid  coats  of  the  eyeball, 
about  -|\yth  of  an  inch  to  the  nasal  side  of,  and  a  little  below, 
its  antero-posterior  axis,  and  then  expands  into  the  retina. 

The  muscles  which  move  the  eyeball  are  six  in  number. 
Of  these,  four  are  called  straight,  and  two  oblique.  The 
straighty  or  recti,  muscles  are  named,  respectively,  the  svperior, 
1,  infetnorj  external j  2,  and  internal,  3,  rectus.  They  arise 
iVom  the  borders  of  the  optic  foramen,  where  they  surround 
the  optic  nerve,  and  pass  forward,  to  be  inserted  respectively 
into  the  upper,  lower,  outer,  and  inner  sides  of  the  eyeball, 
on  its  opaque,  or  so-called  sclerotic  coat.  The  oblique  mus- 
cles are  named,  the  one  superior,  the  other  inferior.  The 
sui)erior  oblique,  4,  4,  arises,  like  the  recti  muscles,  from  the 
border  of  the  optic  foramen,  and  passes  forwi.rd  to  the  upper 
and  inner  side  of  the  orbit ;  there,  it  ends  in  a  small  tendon, 
which  runs  through  a  fibro-cartilaginous  pulley,  or  trochlea, 
attached  to  the  bone  in  this  situation,  and  lined  by  a  synovial 
membrane ;  hence  this  muscle  has  received  the  name  of  the 
trochlear  muscle.  From  the  pulley,  tlie  tendon  of  the  superior 
oblique  muscle  is  reflected  backAvards  and  outwards,  to  be  in- 
serted into  the  sclerotic  coat,  on  the  upper  surface  of  the  eye- 
ball, a  little  behind  its  middle.  The  inferior  oblique  muscle 
arises  from  a  depression  in  the  inner  and  fore  part  of  the  floor 
of  tlie  orbit,  passes  outwards  and  backwards,  beneath  the  eye- 
ball, and  is  inserted  into  the  sclerotic  coat,  upon  the  outer  and 
l)Osterior  surface  of  the  globe. 

The  straight  muscles  are  so  attached,  that  they  can  turn  the 
('yel)all  upwards,  downwards,  inwards,  or  outAvards,  according 
to  the  muscle  brought  into  play  ;  hence  they  have  been 
named  respectively,  the  attollens,  depressor,  adductor,  and  ab- 
ductor muscles  of  the  eyeball.  If  two  adjoining  recti  muscles 
act  together,  the  eyeball  is  carried  in  an  intermediate  or 
oblique  direction.  When  all  four  muscles  act  simultaneously, 
the  eyeball  must  be  strained  backwards,  and  some  have  sup- 
j)0sc(l  that  by  this  action,  the  antero-posterior  diameter  of  the 
eyeball  may  l>e  increased.  A\Tien  in  a  state  of  rest,  the  elas- 
ticity of  the  surrounding  structures,  keeps  the  eyeballs  in  their 
parallel  position,  and  this  parallelism  is  accm-ately  maintained 
J 11  many  of  its  movements.  But  if  one  muscle  becomes  weaker 
than  its  antagonist  muscle,  or  obtains  an  undue  preponderance 
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over  it,  tlie  natural  position  of  equilibrium  is  destroyed,  and 
the  distortion  named  strabismus  or  squint,  either  internal,  or 
external,  for  example,  is  produced.  The  oblique  muscles  rotate 
the  eye  on  its  antero-posterior  axis,  the  superior  oblique 
rolling  its  upper  half  inwards,  the  inferior  oblique  rolling  its 
lower  half  inwards.  These  two  muscles,  being  inserted  behind 
the  transverse  axis  of  the  eyeball,  also  turn  its  anterior  surface 
outwards  and  downwards,  when  the  superior  oblique  acts 
alone,  and  outwards  and  upwards,  when  the  inferior  oblique 
acts  alone.  Their  combined  action  turns  the  anterior  sur&ce 
of  the  ball  directly  outwards. 

The  upward  and  downward  movements  of  the  eyeballs,  are 
more  rapid  than  those  from  side  to  side,  or  than  the  oblique 
movements ;  the  motions,  which  are  very  perfectly  under  the 
control  of  the  will,  are  so  rapid  as  to  be  singly  immeasurable, 
but  by  repeating  them  over  several  times  consecutively,  in 
each  direction,  the  difference  is  multiplied,  and  becomes  easily 
noticeable.  All  these  movements  are  more  easy  of  execution, 
if  they  are  performed  from  the  natural,  or,  as  it  were,  instinc- 
tive position  of  rest  of  the  eyeballs — that  is,  with  the  optic 
axes  directed  horizontally  forwards,  and  in  parallel  lines. 
The  primary  or  simple  motions  of  the  eyeballs,  may  be  re- 
ferred to  rotations  around  three  principal  axes — viz.,  the 
antero-posterior  axis,  the  transverse  axis,  and  the  vertical  axis. 
The  movements  around  the  vertical  axis,  are  performed  by  the 
external  and  internal  recti ;  those  around  the  transverse  axis, 
by  tlie  superior  and  inferior  recti,  aided  respectively,  by  the 
inferior  and  superior  oblique  muscles  ;  the  movements  aroimd 
the  antero-posterior  axis,  are  exceedingly  slight,  and  are  per- 
formed by  aid  of  the  oblicjue  muscles.  In  these  simple  move- 
ments, the  eyeball  may  practically  be  regarded  as  a  sphere 
turning  roimd  its  centre  as  a  nearly  fixed  point.  But  besides 
these  movements,  the  eyeballs  are  capable  of  executing  oblique 
motions,  a.^  e.g.,  upAvards  and  outwards,  upwards  and  in- 
wards, downwards  and  outwards,  and  downwards  and  inwards ; 
in  such  movements,  the  eyeball  moves  around  intermediate* 
secondary  axes,  formed  by  the  junctions  of  two  others,  and 
the  movements  are  executed  by  three  muscles — viz.,  by  tw^o 
of  the  recti  with  one  of  the  oblique.  Finally,  with  these  secon- 
dary movements,  and  also  with  the  primary  ones,  are  usuallv 
combined  the  very  slight  rotatory  movements  of  the  eyeballs 
around  their  antero-ix)sterior  axes,  so  producing  tertiary  raoM}- 
meiits.     In  this  way,  the  antero-iX)sterior  axis,  and  therefore, 
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the  centre  of  the  cornea,  and  the  centre  of  the  retina,  may 
describe  either  straight  or  curved  lines  over  the  field  of  vision, 
from  one  point  to  another,  in  every  conceivable  way — as,  for 
example,  when  we  trace  the  contour  of  a  very  complicated 
figure.  Rute^s  opthabnotrope  is  an  instrument  consisting  of  a 
movable  ball,  to  which  are  fixed  elastic  cords  in  a  state  of 
slight  tension,  representing  the  various  muscles  of  the  eye- 
ball ;  the  amount  of  shortening  or  elongation  of  the  cords,  in 
any  given  portion  of  the  ball,  is  taken  to  indicate  the  actions 
of  the  respective  muscles. 

The  movements  of  the  eyeball  are  undoubtedly  volimtary, 
hut  they  present  certain  peculiarities  of  very  great  interest. 
Thus,  the  movements  of  the  two  eyeballs  are  always  simulta- 
neous and  definite ;  they  are  always  harmonious,  but  very 
frequently  not  symmetrical.  In  looking  upwards  or  down- 
wards, both  eyeballs  move  harmoniously  and  symmetrically, 
the  same  muscles  being  called  into  play  in  each  orbit;  in 
looking  to  the  right  or  to  the  lefl,  the  eyeballs  move  harmo- 
niously, but  unsymmetrically,  different  muscles  acting  on  the 
two  sides.  In  oblique  movements  to  one  or  other  side,  the 
motions  are  unaymmetrical,  being  produced,  for  example,  by 
the  8uj)erior  and  external  recti  of  one  side,  and  the  superior 
and  internal  recti  of  the  other;  in  rotatory  movements,  the 
actions,  though  harmonious  and  wonderfully  exact,  are  unsym- 
metrical,  being  executed  by  aid  of  the  superior  oblique  of  the 
one  eye,  and  the  inferior  oblique  of  the  other  ;  lastly,  in  con- 
vergence of  the  two  eyeballs,  to  look  at  a  near  object,  the  action 
is  both  harmonious  and  symmetrical,  the  internal  recti  mus- 
cles being  called  into  play  in  each  orbit.  Again,  it  is  to  l>e 
remarked,  that  the  movements  of  the  eyeballs  are  voluntary, 
and  their  muscles  decidedly  under  the  influence  of  the  will, 
yet  their  motions  are  limited  by  a  certain  kind  of  conibinatioUy 
which  prevents  us  from  acting  upon  them  in  a  wholly  indepen- 
dent way  on  the  two  sides,  as  we  can,  for  example,  with  our 
arms  and  hands.  Thus,  we  cannot  turn  one  eyeball  up  and 
the  other  doAvn,  nor  both  eyes  outwards ;  nor  can  we  depart 
from  a  certain  fixed  degree  of  convergence  of  the  eyes,  required 
for  their  accommodation  to  see  a  given  object.  The  reason  of 
this  is,  that  the  movements  of  the  eyes,  though  voluntary,  are 
guided  indirectly  by  the  purposes  we  strive  to  attain,  which 
we  shall  hereafter  see,  are  sifigle  vision  with  the  two  eyes,  and 
exdct  vision.  The  muscles  in  this  case,  as  in  most  others,  are 
governed,  not  directly,  but  indirectly,  by  our  endeavouring  to 
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accomplish  a  certain  end ;  and,  as  we  cannot  see  an  object 
singly,  by  directing  one  eye  upwards  and  the  other  downwards, 
or  both  eyes  outwards,  we  cannot  accomplish  those  acts.  If, 
however,  the  position  of  the  image  in  one  eye,  be  slowly 
displaced  sideways,  upwards,  or  downwards,  by  means  of  a 
prism,  held  and  turned  slowly  before  the  eye,  then  the  eyeball 
in  question  is  moved,  within  certain  limits,  to  one  side,  or  up 
or  down,  so  as  to  maintain  the  singleness  of  vision ;  when  the 
prism  is  removed,  the  object  is,  though  for  a  short  time  only, 
seen  double.  All  the  movements  of  the  eyeball,  excepting  that 
of  rotation  around  the  antero-posterior  axis,  which  is  per- 
formed by  the  oblique  muscles,  may,  by  practice,  be  executed, 
without  the  exercise  of  vision,  when  the  eyelids  are  closed, 
but  with  more  or  less  difficulty  or  restraint ;  convergence  of 
the  eyes,  as  in  squinting,  is  the  most  difficult  to  imitate. 
The  inability  to  rotate  the  eyes  by  a  direct  volitional  act,  is 
due  to  the  fact,  that  we  have  not  learnt  how  to  accomplish  it, 
and  not  to  any  special  structural  limitation.  (Helmholz.)  This 
rotation  is  shown  by  Helmholz  to  be  of  great  importance, 
undor  certain  circumstances ;  for  example,  in  maintaining  the 
meridian  plane  of  the  eye  in  a  uniform  position,  as  to  verti- 
cality,  in  its  various  secondary  movements,  and  also  in  accom- 
plishing certiiin  special  adjustments  necessary  for  stereoscopic 
vision. 

The  eyeball  is  supplied  with  motor,  sensory,  and  sympa- 
thetic nerves^  derived  from  the  third  and  fifth  cranial  nerves, 
and  from  the  lenticular  or  ophthalmic  ganglion.  The  so-called 
ciUary  nerves,  from  twelve  to  fifteen  in  number,  perforate  the 
sclerotic,  and  are  distributed  to  the  choroid  coat,  to  the  iris, 
and  to  a  muscular  structure,  known  as  the  ciliary  muscle. 
The  ciliari/  arteries  derived  from  the  ophthalmic  artery,  are 
fine,  of  considerable  length,  and  pursue  a  somewhat  tortuous 
course  before  they  enter  the  eyeball.  The  veins  are  fewer, 
but  large. 

The  coats  of  the  eyeball  are  the  cornea  and  sclerotiCy  the 
choroid  and  the  retina. 

The  sclerotic  coat,  fig.  83  5,  so  named  from  its  comparative 
firmness,  forms  the  outermost  tunic  of  the  larger  spheroidal 
portion  or  posterior  ^ths  of  the  eyeball,  leaving  an  opening  in 
front,  into  which  is  fitted  the  transparent  structure  called  the 
cornea,  corresponding  with  the  smaller  spheroidal  portion,  or 
remaining  ^th  of  the  eyeball.  The  sclerotic  is  a  strong,  opaque, 
fibrous  structure,  composed  essentially  of  white  fibrous  tissue, 
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arranged  in  interlaced  bundles  mixed  with  elastic  tissue,  and, 
in  its  deeper  layers,  witli  pigment  libres ;  its  vascularity  is  not 
great.  It  is  peiforated  behind  by  the  optic  nerve,  ^,  and  pre- 
sents, at  the  place  of  perforation,  or  lamina  cribrosuy  a  number 
of  minute  orifices  for  the  passage  of  tlie  nervous  funiculi; 
in  the  centre  of  this  lamina,  is  a  larger  opening,  cxdled  the 
optic  pore,  for  the  transmission  of  the  small  artery  which 
supplies  the  retina,  the  central  artery  of  the  retina. 

The  cornea^  c,  or  the  transparent  convex  structure,  which 
occupies  the  opening  in  the  anterior  part  of  the  sclerotic,  like 
a  sort  of  watch-glaHs  set  in  its  frsinie,  is  not  quite  circular, 
being  somewhat  broader  transversely  than  from  above  down- 
wards. Its  convexity  varies  in  different  individuals ;  it  is  more 
convex  in  early  life,  and  in  short-sighted  persons,  and  becomes 
flattened  in  old  age.  The  radius  of  its  curve  is  said  to  range 
from  rather  more  than  -J^th  to  nearly  -J^rd  of  an  inch.  Like  the 
sclerotic,  the  cornea  is  composed  of  fibres,  but  theae  are  ar- 
ranged more  regularly,  and  are  separable  into  closely-con- 
nected layers ;  its  anterior  and  posterior  surfaces  are  formed 
by  specially-condensed,  structureless,  and  highly  elastic  lamina;. 
The  inner  surface  of  the  cornea  forms  the  anterior  boundary 
of  a  space  within  the  eyeball,  called  the  anterior  chamber,  «, 
and  is  lined  by  a  single  layer  of  flat,  polygonal,  epithelial  cells. 
Its  anterior  surface  is  covered  by  a  very  fine  extension  of  the 
conjunctiva,  which  reaches  it  from  the  fore  part  of  the  scle- 
rotic. Where  the  sclerotic  joins  the  cornea,  the  character  and 
arrangement  of  the  constituent  fibres  are  altered,  so  that  they 
fonn  a  transparent,  not  an  opaque  coat.  Both  these  structures 
are  supplied  with  nerves ;  but  the  cornea  is  non-vascular,  and 
must  receive  its  nutrient  supply,  indirectly,  from  the  sclerotic 
and  conjunctival  vessels.  ITie  sclerotic  is  about  ^^th  of  an 
inch,  and  the  cornea  about  T^^th  of  an  inch  in  thickness. 

The  choroid  coat,  e,  is  a  comparatively  thin,  tender,  vas- 
cular, black  or  brown,  pigmentary  membrane,  which  is  per- 
lr,rated  behind  by  the  optic  nerve,  and  reaches  forwards  as  far 
as  a  circular  fibro-elastic  band,  corresponding  with  the  line  of 
junction  of  the  cornea  with  the  sclerotic,  named  the  ciliary 
ligament ;  with  this,  the  anterior  edge  of  the  choroid  coat  is 
firmly  united.  The  outer  surface  of  the  choroid  is  loosely 
connected  with  the  sclerotic,  by  bloodvessels,  nerves,  and  a 
fine  cellular  web,  the  lamina  fnsca ;  within  this,  are  curious 
whorled  veins,  vence  vorticoscp,  and  numerous  branching 
arteries,  mixed  with  star-shaped  pigment  cells ;    within  these, 
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is  a  network  of  exceedingly  fine  and  close  capillaries;  and 
lastly,  the  pigmentary  layer,  made  up  of  regularly-hexagonal 
nucleated  cells,  filled  with  pigment  granules,  fig.  43,  d.  The 
choroid  averages  about  -g-^th  of  an  inch  in  thickness. 

The  ciliary  ligament^  just  mentioned,  placed  opposite  the 
junction  of  the  sclerotic  with  the  cornea,  serves  to  connect  those 
coats  with  the  choroid,  and  also  supports  numerous  black  or 
brown  radiated  folds  or  rays,  called  the  ciliary  processes,  fig. 
83,  bj  which  are  prolongations  of  the  fore-part  of  the  choroid. 
These  processes,  irom  60  to  80  in  number,  are  situated  in  a 
radiated  manner  around  the  margin  of  the  crystalline  lens,  to 
be  presently  described ;  some  of  them,  the  larger  ones,  are 
about  -j^j^th  of  an  inch  in  length,  and  ^th  of  an  inch  thick,  be- 
tween which  smaller  ones  are  found.  In  these  processes,  the 
capillary  network  is  larger  than  in  the  choroid. 

On  the  surface  of  the  fore-part  of  the  choroid,  is  a  yellowish- 
pink  band  about  ^th  of  an  inch  broad,  the  ciliary  muscle ; 
this  consists  of  involuntary  muscular  fibres,  some  having  a 
longitudinal,  others  a  circular  direction  ;  the  former  arise  from 
the  line  of  junction  of  the  cornea  and  sclerotic,  opposite  the 
ciliary  ligament,  and  posteriorly,  are  inserted  into  the  iris,  the 
sclerotic  ciliary  processes,  and  the  anterior  part  of  the  choroid. 
This  muscle  has  also  been  named  the  tensor  of  the  choroid. 

Fig.  81. 


Pip.  81.  The  iris  or  perforated  coloured  diaphra^rm,  removed  from  the 
eyeball.  *  i,  its  outer  attached  border,  p,  the  pupillary  opening  in  its 
middle. 

Stretched  across  the  interior  of  the  eyeball,  and  attached, 
by  its  circumference,  to  the  choroid,  ciliary  ligament,  and 
cornea,  is  the  thin  membranous  curtain,  called  the  iris,  fig. 
83,  t,  fig.  81,  i  i,  perforated  a  little  to  the  inner  side  of  its 
centre  by  a  circular  opening,  the  pxipil,  p.  The  contraction 
and  dilatation  of  this  aperture,  regulate  the  amount  of  light 
which  passes  into  the  eye.  In  health,  the  size  of  the  pupil 
varies  from  „^^th  to  J^rd  of  an  incli.  After  death,  its  average 
diameter  is  nearly  |^th  of  an  inch.      The  anterior  suriace  of 
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the  iris,  ivhich  is  flat,  contains  pigment  cells ;  it  is  brilliantly 
*  reflective,  and  gives  the  eye  its  special  colour.  The  iris  and 
pupil  appear  to  be  larger  and  nearer  to  the  cornea  than  they 
really  are  ;  placing  the  eye  under  water,  removes  this  decep- 
tive appearance.  The  iris  is  composed  of  unstriped  muscular 
fibres,  a  fibrous  stroma,  bloodvessels,  nerves,  and  a  quantity 
of  pigment  cells.  The  muscular  fibres  consist  of  circular  and 
radiating  fibres ;  the  circular  fibres,  placed  at  the  back  of  the 
iris,  opposite  the  ring  named  the  annulus  minor,  form  a  nar- 
row band,  the  sphincter  pvpillcB;  the  radiating  fibres  pass 
from  the  circumference  towards  the  pupil,  near  the  margin  of 
which  they  blend  with  the  circular  fibres,  which  here  lose 
their  parallel  arrangement.  The  fibrous  stroma  is  made  up 
of  delicate  bundles  of  fibrous  tissue,  the  greater  number  of 
which  radiate  towards  the  pupil ;  others  are  arranged  in  a 
circular  manner.  The  bloodvessels  form  loops.  The  pigment 
cells  in  the  substance  of  the  iris  are  ramified,  and  are  of  a 
yellow  or  bro^^-n  coloiu*,  according  to  the  colour  of  the  eye ; 
on  the  posterior  surface,  the  pigment  cells  are  of  a  dark-brown 
or  black  hue,  and  consist  of  several  layers,  forming  what  is 
called  the  uvea.  These  cells  are,  as  a  rule,  darker  in  chil- 
dren than  in  adults ;  in  the  former,  the  delicate  pale  blue  tint 
of  the  white  of  the  eye,  is  due  to  the  sclerotic  coat  being  very 
thin,  so  that  the  pigment  within,  can  be  partly  seen  through  it ; 
the  pigment  cells  are  also  darker  in  dark  persons,  and  in  the 
swarthy  races  of  mankind. 

Within  the  choroid,  is  the  retina,  or  the  sensitive  coat  of 
the  eyeball,  fig.  M3,  r.  This  structure  is  a  delicate  nervous 
membrane  formed  by  the  expiinsion  of  the  optic  nerve.  It  is 
so  supported  as  to  j)resent  a  concave  surface  to  the  light ;  it 
does  not  extend  so  far  forward  as  the  choroid,  but  ends,  at  a 
short  distance  from  the  ciliary  ligament,  in  a  jagged  edge, 
called  the  ora  serrata,  from  which  an  exceedingly  fine  mtsm- 
brane,  not  nervous,  extends  forwards  to  the  ciliary  processes. 
By  its  outer  surface,  the  retina  is  slightly,  though  organically, 
connected  with  the  choroid ;  its  inner  surface  is  bounded  by  a 
very  delicate  membrane,  called  the  membrana  limitans,  which 
separates  it  from  the  so-called  vitreous  body.  As  seen  during 
liib,  by  the  aid  of  a  magnifying  glass,  the  retina  presents  a 
reddish  colour,  due  to  the  bloodvessels  contained  in  it. 
Branches  of  the  central  artery  of  the  retina  are  seen  ramify- 
ing over  it ;  and  these,  as  well  as  the  capillary  network,  are 
.situated  upon,  or  near,  its  inner  surface.     When  examined 
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immediately  afler  death,  the  retina  is  found  to  be  of  a  [Hnkiab 
colour,  soft,  and  transparent ;  but  it  quickly  becomes  white  or 
semi-opaque.  In  the  centre  of  the  back  of  the  eyeball,  i.  e., 
exactly  in  the  antero-posterior  axis  of  the  globe,  and,  as  we 
shall  explain,  in  the  line  of  most  perfect  vision,  the  retina 
presents,  soon  alter  birth,  an  elliptical  yellowish  spot  about 
jjih  of  an  inch  wide,  called  the  macida  lutea ;  in  the  middle 
of  this  yellow  spotj  the  margins  of  which  are  slightly  elevated, 
is  a  darker  circular  depression,  named  the  fovea  cetUralis 
(rbvea,  a  pit).  The  retina  being  exceedingly  thin  in  this  situ- 
ation, the  pigment  of  the  choroid  is  seen  through  it,  and  this 
gives  rise  to  the  deeper  colour  of  the  fovea  centralis;  the 
yellowish  margin  of  the  macula  lutea,  is  owing  to  the  presence 
of  some  special  but  delicate  pigmentary  matter.  A  little  below 
the  yellow  spot,  and  about  t\f^^  ^^  ^^  ^^^  internal  to  it,  is 
the  colliculnsj  or  point  of  entrance  of  the  optic  nerve ;  the 
central  artery  of  the  retina  also  passes  into  the  eyball  at  the 
same  place.  The  thickness  of  the  retina  gradually  diminishes 
irom  behind  forwards;  its  thickness  varies  fix>m  xJ^^  to 
^l^^th  of  an  inch. 

Examined  microscopically,  the  retina  is  found  to  consist 
essentially  of  thi-ee  layers,  which  are  held  together  by  a 
very  delicate  connective  tissue ;  it  also  contains  blood- 
vessels. The  exterruil  layer,  fonnerly  called  Jacob's  meM- 
brane,  and  now  the  bacillary  Im/er^  is  very  thin,  and  consists 
of  a  stratum  of  evenly-disposed,  transparent,  colourless  rodsj 
called  bacilicc,  intermixed  with  other  larger  bodies,  named 
cones.  These  rods  are  solid  and  highly-refractive  bodies, 
packed  closely  side  by  side,  and,  except  those  near  the  an- 
terior part  of  the  retina,  which,  at  least  in  the  frog,  are 
disposed  obliquely,  are  arranged,  more  or  less  nearly  per- 
pendicularly to  the  centre  of  the  eyeball ;  under  the  action  of 
water,  these  rods  swell,  imdergo  distortion,  and  sliow  a  division 
into  an  outer  and  inner  segment ;  the  outer  segment  is  the 
more  highly  refractive  ;  the  inner  one,  which  becomes  curved 
on  the  application  of  water,  is  connected  with  a  fine  fibre, 
which  passes  vertically  inwards,  into  the  next  or  middle  layer 
of  the  retina.  The  cones,  or  bulbous  particles,  disposed'  at 
regular  intervals  between  the  rods,  present  a  similar  struc- 
ture, and  the  same  connection  with  the  middle  retinal  layer. 
The  diameter  of  the  rods  is,  on  an  average,  -nrV^ir^^j  that 
of  the  cones  about  ^^.V^th  of  an  inch.  The  rntddu  layer 
of  the  retina,  also  named  the   granular   layer,    consists'  of 
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two  strata  of  granular  or  nucleiform  bodies,  which  are  con> 
nected,  on  the  one  hand,  with  the  fine  fibres  proceeding  from 
the  rods  and  cones,  and  on  the  other,  by  fine  processes,  with 
the  nervous  elements  belonging  to  the  third  or  so-called  ner> 
Tous  layer  of  the  retina.  Amongst  these  nuclear  fibres,  are 
some,  forming  the  radiating  fibres  of  H.  Muller,  which  pass 
through  the  whole  thickncHS  of  the  retina,  from  between  the 
rods  and  cones  of  the  outer  layer,  to  the  membrana  limitans, 
on  its  extreme  inner  surface,  on  which  they  end  by  slightly- 
expanded  extremities.  These  radial  fibres  support  the  whole 
structure  of  the  retina,  passing  between  the  nervous  elements 
of  the  inner  layer,  and  also  between  the  capillary  network. 
They  may  merely  be  modifications  of  connective  tissue ;  but 
others  of  the  nuclear  fibres  are  distinctly  connected  with  the 
rods  and  cones  on  the  one  hand,  and  with  the  proper 
nervous  elements  of  the  deepest  layer  on  the  other,  and  are 
themselves  probably  true  nervous  structures.  The  internal^ 
or  nervous^  layer  consists  partly  of  the  expanded  fibres  of  the 
optic  nerve,  which  pierce  the  bacillary  and  granular  layers  at 
the  optic  coUiculus,  and  then  spread  out,  to  form  the  retinal  net- 
work, in  which  the  nerve  fibres,  losing  their  double  outline, 
and  retaining  only  their  central  or  axial  fibres,  are  arranged 
in  fine  meshes  among  the  radiating  fibres  of  MuUer.  The 
nerve-fibres  are  here  very  fine,  measuring  only  fi^m  ^fn^oT^tli 
to  Y^j^iyth  of  an  inch  in  diameter.  Between  this  network  and 
the  granular  layer,  is  foimd  a  stratum  of  large  grey  ganglionic 
vesicles  or  nerve  cells,  with  ramified  offsets,  similar  to  those 
found  in  tlie  grey  substance  of  the  brain  ;  hence  this  layer  is 
sometimes  named  the  vesicular  layer.  The  offsets  or  processes 
of  these  cells,  are  said  to  be  connected,  on  the  one  hand,  with 
the  nuclear  fibres  proceeding  to  the  rods  and  cones,  and  on  the 
other,  with  the  axial  fibres  of  tlie  retinal  expansion  of  the 
optic  nerve  ;  whilst  some  of  the  fine  nerve  fibres  are  also  said 
to  be  tracejible  directly  into  certain  of  the  nuclear  fibres,  and, 
through  them,  to  be  connected  with  the  rods  and  cones.  The 
capillary  vessels  chiefly  lie  in  the  neighbourhood  of  the  layer 
of  ganglionic  vesicles. 

From  the  intimate  connection  of  all  these  complex  elements 
of  the  retina,  most  physiologists  are  of  opinion,  tliat  whilst 
some  of  the  radiating  fibres  are  possibly  only  supporting 
structures,  others,  as  well  as  the  rods  and  cones,  are  either 
actual  ner\'ous  elements,  or  important  appendages  of  the  ex- 
tremities of  tlie  nerves. 
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At  the  fovea  centralis  of  the  yellow  spot,  only  certain  of  the 
retinal  elements  are  present,  viz.,  the  cones  of  the  columnar 
layer,  which  are  here  smaller  and  set  closely  together,  a  stratum 
of  grey  ganglionic  nerve  cells,  and  the  membrana  limitans. 
At  the  elevated  margin  of  the  yellow  spot,  the  other  ordinary 
retinal  structures,  which  are  absent  in  the  fovea  centralis,  begin 
to  appear.  At  the  optic  coUiculus,  the  only  elements  present 
are  the  nerve  fibres,  radiating  from  that  point. 

The  transparent  humours  of  the  eyeball,  are  the  vitreous 
humour,  the  crystulline  lens,  and  the  aqueous  humour. 

The  vitreous  humour,  fig.  83,  v,  so  named  from  its  glass-like 
transparency  (vitrura,  glass),  occupies  about  the  posterior  ^ths 
of  the  entire  globe,  and  measures  from  before  backwards,  about 
half  an  inch.  It  is  a  colourless,  transparent,  jelly-like  mass, 
enclosed  in  a  clear  membrane,  called  the  hyaloid  membrane, 
processes  of  which  also  traverse  it.  The  vitreous  humour 
consists  of  a  specially  modified  connective  tissue,  called  jelly- 
like or  mucous,  arranged  in  segments,  like  an  orange.  It  is 
composed  almost  entirely  of  water,  in  which  are  some  salts, 
and  a  little  animal  matter.  Behind,  and  around,  the  vitreous 
humour  is  convex,  and  supports  the  retina ;  in  front,  it  is  cup- 
shaped,  for  the  reception  of  the  crystalline  lens. 

The  crystalline  lens,  fig.  83,  /,  is  a  double  convex,  colour- 
less, transparent,  firm  body,  placed  in  front  of  the  vitreous 
humour ;  it  receives  its  name  from  its  crystal-like  appearance 
and  its  lenticular  sliape.  It  is  enclosed  in  a  transparent, 
structureless,  highly  elastic,  and  permeable  membrane,  calleil 
the  capsule  of  the  lens  ;  between  the  capsule  and  the  body  of 
the  lens,  is  a  single  layer  of  transparent  nucleated  cells ;  these 
cells,  after  death,  imbibe  moisture,  and  then,  breaking  down, 
ibmi  a  liquid  layer,  the  liquor  Morgagni.  The  lens  is  chiefly 
supported  in  its  place,  by  a  transparent  and  highly  elastic 
membranous  structure,  called  the  suspensory  ligament ; 
attached  to  the  anterior  surface  of  tlie  capsule,  close  to  the 
margin  of  the  lens,  this  ligament  is  connected  behind  with  the 
ciliary  processes,  and  with  the  hyaloid  membrane,  which  en- 
closes the  vitreous  body ;  it  may  be  traced  as  far  back  as  tlie 
ora  serrata  of  the  retina.  It  presents  on  its  anterior  surface,  a 
number  of  folds,  which  fit  in  between  the  rays  of  the  ciliary 
processes.  Around  the  margin  of  the  lens,  between  the 
hyaloid  membrane  and  the  suspensory  ligament,  is  a  circular 
passage,  called  the  canal  of  Petit, 

The  posterior  surface  of  the  lens,  is  embedded  in  the  de- 
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pression  on  the  forepart  of  the  vitreous  humour  ;  its  anterior 
surl'ace,  which  is  free,  is  placed  in  contact  with  the  iris,  behind 
the  pupil.  Tlie  superficial  portion  of  the  lens  is  soft ;  but 
towards  the  centre,  it  gradually  becomes  firmer  and  denser ; 
the  central  and  firmest  part  is  named  the  nucleus.  The  pos- 
terior surface,  fig.  82  (/,  is  more  convex  than  the  anterior ;  the 
curvature  of  both  surfaces,  the  anterior  of  which  is  said  to  be 
ellipsoidal  and  the  posterior  paraboloidal,  increases  towards  the 
circumference ;  its  edges  are  rounded  off.  The  lens  measures 
about  :J^th  of  an  inch  in  its  antero-posterior  diameter,  and  about 
^rd  of  an  inch  transversely.  The  radius  of  the  curve  of  its  pos- 
terior surface  is  about  \th  of  an  inch ;  that  of  the  anterior  suiface 
varies,  from  somewhat  more  than  Jth  to  about  ^th  of  an  inch. 
The  substance  of  the  lens  is  composed  of  concentric  layers,  which 

Fig.  82. 

Fifr.  82.  Two  diagrammatic  views  of  the  cr>'8Ulline  lens:  a, anterior 
Hurface,  Hhowiiig  the  radiated  arrangement  of  itii  component  bundlcM  of 
flbres.  which  are  here  seen  to  meet  on  three  planes :  d,  side  view,  or 
edge  of  the  lens.  The  anterior  flatter  surface  is  here  turned  to  the  left 
hand,  and  the  po«t4,*rior  more  convex  surface,  to  the  right. 

are  made  up  of  microscopic  parallel  fibres,  by  some  said  to  be 
tubular  (Kolliker) ;  they  have  uneven  or  indented  margins, 
which  fit  together  most  accurately.  Towards  the  centre  of  the 
lens,  these  fibres  meet  in  certain  planes,  a,  which  radiate  from 
the  central  axis  of  the  lens ;  in  the  nucleus,  there  are  three 
principal  planes ;  in  the  superficial  portion,  there  are  as  many 
as  twelve.  The  lens  consists  of  about  GO  per  cent,  of  water; 
the  solid  matter  is  chiefly  albuminoid. 

Before  birth,  the  lens  is  nesirly  spherical,  very  soft,  and  not 
quite  transparent,  its  fibres  being  then  imperfectly  developed. 
At  this  period,  a  small  artery  traverses  the  vitreous  humour  to 
the  back  of  the  lens ;  here  its  branches  form  a  plexiform  network 
on  the  back  of  the  aipsule.  In  front  of  the  lens,  this  network  of 
vessels  is  met  by  a  vascular  extension  from  the  pupillary  margin 
of  the  iris,  constituting  the  pupillary  membrane,  which  then 
closes  the  pupil.  By  means  of  these  vascular  membranes,  the 
humours  of  the  eyeball  are  nourished  during  their  growth. 
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Shortly  before  birth,  the  pupillary  membrane  gradually  under- 
goes absorption,  so  that,  at  birth,  almost  all  traces  of  it  have 
disappeared.  In  some  rare  instances,  however,  this  structure 
is  not  absorbed,  but  remains  as  a  permanent  part  of  the  eye- 
ball ;  in  such  cases,  sight  is  necessarily  interrupted. 

Between  the  front  of  the  crystalline  lens  and  the  posterior 
surface  of  the  cornea,  is  a  small  space,  measuring,  from  before 
backwards,  about  ^th  of  an  inch,  and  occupied  by  the 
aq%uou8  humour.  This  interval  is  divided,  before  bir^,  by 
the  pupillary  membrane,  into  two  parts,  called  the  anterior 
and  posterior  chambers.  In  the  iully-formed  eyeball,  the  iris 
is  ofien  described  as  also  imperfectly  dividing  ^e  space  occu- 
pied by  the  aqueous  humour,  into  an  anterior  and  posterior 
chamber ;  but  it  has  been  shown,  that  the  iris  rests  immediately 
upon  the  anterior  surface  of  the  capsule  of  the  lens,  so  that 
there  is  no  posterior  chamber,  or  interval  between  them. 
The  aqueous  humour  consists  of  about  five  drops  of  a  limpid 
fluid,  resembling  piu:e  wat^r ;  it  contains  a  little  salt,  and  a 
trace  of  animal  matter.  It  is  probably  secreted  by  the  pos- 
terior surface  of  the  cornea,  and  by  the  vessels  of  the  iris  and 
of  the  points  of  the  ciliary  processes. 

The  following  table  shows,  in  decimal  parts  of  an  inch, 
various  measurements  of  the  eyeball  and  its  parts  (Krause) : — 

a.  Diameters  of  the  eyeball,  through  its  centre  : — 

Inch 

Antpro-posterior -944 

Vertical -944 

Horizontal 1*003 

h.  Thickness  of  the  various  parts  in  the  direction  of  the 
antero-po8terior  axis : — 

Cornea -0393 

Aqueous  humour '0984 

Crystalline  lens         .         .  "       .         .         ,  '2765 

Vitreous  body '4921 

Retina  and  choroid '0078 

Sclerotic "0511 

c.  Radii  of  the  curves  of  the  surfaces  of  the   refiracting 

media  :  — 

Cornea -275  to  -314 

Anterior  surface  of  lens     ....       -275  to  '393 
Posterior      „  „        .         .         .         .       '286 
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Light. 

Those  bodies,  such  as  the  sun  and  fixed  stars,  from  which 
light  directly  emanates,  are  called  self-luminous  bodies.  The 
sun  is  the  chief  source  of  light,  but  there  are  also  terrestrial 
Hources  of  light,  such  as  combustion  and  other  chemical  com- 
binations, friction,  and  electricity.  Non-luminous  bodies  are 
only  rendered  visible  by  tlie  light  which  falls  upon  them  from 
luminous  bodies. 

According  to  the  Newtonian  theory  of  emanation,  light  is 
of  a  corpuscular  nature,  a  luminous  body  constantly  emitting 
material  particles  in  all  directions.  The  undulatory  theory 
of  light,  first  suggested  by  Huyghens,  and  now  generally 
adopted,  supposci",  that  space  is  filled  with  an  ether,  which, 
when  thrown  into  exceedingly  rapid  utidulaiions,  gives  rise  in 
the  eye  to  the  sensation  of  light ,  as  the  vibrations  of  material 
particles,  communicated  to  the  ear,  produce  the  sensation  of 
sound.  In  accordance  with  the  doctrine  of  the  correlation  of 
forces,  the  undulations  of  light  are  supposed  to  result  from 
one  of  the  modes  of  action  of  the  general  force  of  nature, 
and  therefore  to  be  able  to  originate  in  mechanical,  chemical, 
thennal,  or  electrical  modes  of  action. 

The  undulations  of  the  luminiferous  ether  being  supposed  to 
be  propagated  from  a  luminous  point  in  all  directions,  the  terra 
raf/,  a  conventional  but  convenient  expression,  is  applied  to 
any  inuiginary  line  drawn  from  such  a  point  across  the  waves, 
that  is,  perpendicular  to  their  expanding  and  advancing 
fronts.  The  undulations  are  therefore  propagate<l  in  the 
direction  of  such  lines  or  rays ;  but  the  motions  of  disjJace- 
ment  of  the  ether  which  produce  those  waves,  are  transverse 
to  the  direction  of  the  rays. 

The  so-called  rai/s  of  light  move  in  straight  lines ;  their  rate 
of  motion,  in  space,  formerly  estimated  at  192,500  miles,  is 
now  said  to  be  about  186,300  miles  per  second  ;  their  velocity 
is  retarded  in  dense  media.  Light  radiates  ecjually  in  all 
directions,  and,  by  spreading,  its  luminous  power  diminishes 
as  the  square  of  the  distance  through  which  it  passes.  When 
it  falls  upon  any  surface,  it  may  be  either  reflected  or  absorbed. 
The  angle  of  reflection  is  equal  to  the  angle  of  incidence. 
The  reflection  is  said  to  be  regular,  when  the  reflected  light 
from  an  ojxique  body  with  a  polished  sturface,  produces 
images  of  objects  placed  in  front  of  it ;  by  multiplying  such 
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surfaces,  the  reflected  images  are  broken  ;  and,  if  the  surface 
be  rough,  no  image  is  formed,  the  light  is  scattered,  and  its 
reflection  is  irregular.  It  is  by  the  reflection  of  the  light 
which  impinges  ujx)n  non-luminous,  opaque,  or  transparent 
objects,  from  luminous  bodies,  that  the  former  are  rendered 
visible.  Such  objects,  when  they  reflect  light,  completely  or 
almost  completely,  present  a  white  or  whitish  appearance; 
but,  if  there  is  complete  or  almost  complete  absorption  of 
light,  they  assume  a  black  or  blackish  appearance.  The 
interception  of  a  portion  of  the  rays  of  light  by  opaque  bodies, 
is  the  cause  of  shadows.  When  light  falls  on  a  translucent 
body,  it  is  partly  reflected,  partly  transmitted,  and  partly 
absorbed  ;  when  it  falls  directly  on  a  transparent  body,  such 
as  air,  water,  or  glass,  it  is  almost  all  transmitted ;  but  ab- 
sorption of  some  rays  takes  place. 

Light  is  either  colourless  or  coloured.  White  or  colourless 
light,  when  reduced  in  intensity,  forms  a  bluish  grey  tint 
gradually  passing  into  blackness,  which  is  usually  regarded  as 
dependent  on  the  relative  or  nearly  total  absence  of  light. 
Black,  however,  is  by  some  considered  to  be  a  positive  sensation. 

Luminous  bodies  generally  give  ofl*  rays  of  light  composed 
of  several  colours.  Thus,  solar  light,  though  apparently  white, 
may  be  decomposed,  by  aid  of  a  prism,  into  several  coloured 
lights.  When  a  small  beam  of  solar  light,  admitted  through  a 
circular  opening  in  a  shutter  or  other  septum,  falls  on  one  side 
of  a  prism,  or  three-sided  piece  of  glass,  its  component  rays  are 
so  dispersed  or  spread  out,  that  if  an  opaque  screen  be  placed 
behind  the  prism,  an  elongated  luminous  image  is  produced. 
This,  which  is  named  the  prismatic  solar  spectrum^  is  not 
white,  but  coloiu-ed,  like  the  rainbow,  presenting  bands  of 
violet,  indigo,  blue,  green,  yellow,  orange,  and  red.  These 
colours  appear  to  consist  of  various  combinations  of  iJiree 
different  coloured  lights,  viz.  red,  yellow,  and  blue,  or,  accord- 
ing to  Sir  J,  Herschel,  red,  green,  and  blue,  which  therefore 
are  named  the  three  primary  colours.  Otliers  maintain  that 
the  seven  colours  of  the  spectrum,  as  they  cannot  be  further 
analysed,  are  the  primary,  simple,  optical,  or  homogeneous 
colours. 

The  diflferent  coloured  lights  are  said  to  differ  as  regards 
the  number  of  undulations  of  the  hypothetical  luminiferous 
ether  which  excites  them.  The  extreme  red  rays  of  the  spec- 
trum, ibr  example,  are  calculated  to  undergo  undulation!* 
numbering  399  billions  in  a  second ;    whilst  the  undulations 
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of  the  Other  colours  of  the  spectrum  are  said  to  increase 
progressively  in  number,  the  extreme  violet  raj'^s  performing 
831  billions  of  undulations  in  the  second.  The  more  numerous 
the  midulations,  the  shorter  are  their  component  waves.  Colour 
in  the  eye  is  due  to  specific  sensations  in  the  retina,  excited, 
according  to  the  theory  just  mentioned,  by  undulations  of 
different  velocity  and  leng^ ;  yet  why  such  relations  of  colour 
to  differences  in  the  number  and  measurement  of  the  imdu- 
lations,  should  exist,  is  not  obvious. 

Besides  the  visible  rays,  or  rays  capable  of  exciting  lumi- 
nous sensations  in  us,  solar  light  contains  certain  invisible 
rays,  or  rays  incapable  of  exciting  such  sensations,  excepting 
imder  certain  conditions.  These  rays  are  also  dispersed  in 
the  prismatic  spectrum,  and  project,  some  beyond  the  violet 
3nd,  and  some  beyond  the  red  end,  where  they  form  the  so- 
called  ultra-violet  and  ultra-red  rays.  It  may  be  conceived 
l;hat  these  rays  undulate,  in  the  former  case  too  rapidly,  and  in 
the  latter  too  slowly,  to  act  upon  the  retina. 

There  are  certain  bodies,  such  as  fluor-spar,  and  many 
iecoctions  of  organic  substances,  such  as  the  bark  of  the 
lorse-chestniit,  and  the  seeds  of  stramonium,  also  an  alcoholic 
solution  of  chlorophyll,  and,  more  especially,  a  solution  of 
mlphate  of  quinine  in  water,  which  give  rise  to  the  formation 
3f  internal  colour  from  the  passage  through  them  of  solar 
light.  The  colour,  in  the  case  of  a  solution  of  quinine,  has  a 
beautiful  pale  blue  tint ;  in  other  solutions,  it  may  be  yellow, 
^•ellowish  orange,  or  red.  This  appearance  of  colour  is  known 
as  fluorescence,  and  is  produced  by  a  change  in  the  condition 
3f  the  transmitted  light,  caused  by  the  substance  experimented 
3n,  and  named  internal  dispersion  (Stokes).  The  rays  con- 
cerned in  this  phenomenon,  exist  also  in  the  coloured  pris- 
matic spectrum,  but  they  pass  considerably  beyond  the 
extreme  violet  end.  They  constitute,  imder  ordinary  circum- 
3taiices,  invisible  ultra-violet  rays.  When,  however,  a  solu- 
tion of  quinine  is  held  beyond  the  violet  end  of  the  spectrum, 
it  becomes  bluish  or  fluorescent,  thus  rendering  these  peculiar 
rays  visible ;  so  also  when  a  sheet  of  paper,  moistened  with 
I  solution  of  quinine,  is  held  in  the  same  position,  it  becomes 
beautifully  luminous.  Clear  water  and  ordinary  white  paper, 
leld  in  the  same  place,  are  not  illuminated.  The  electric  light 
5on tains  many  of  these  invisible  rays. 

Again,  beyond  the  red  rays  of  the  solar  and  electric  spec- 
;ra,  there  are   invisible  rays,  some  of  which  are  found,  in 
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decreasing  numbers,  in  the  rest  of  the  spectrum.  These 
rays  give  rise  to  the  remarkable  phenomena  occurring  at  this 
end  of  the  spectrum,  known  under  the  name  of  calorescence 
(Tyndall).  By  passing  the  rays  of  the  electric  light,  brought 
by  means  of  a  mirror  to  a  focus,  through  a  solution  of  iodine 
in  bisulphide  of  carbon,  the  luminous  rays  are  completely 
stopped ;  but  certain  invisible  rays,  which,  in  the  electric  and 
solar  spectrum,  are  found  chiefly  near,  and  beyond,  the  red 
end  of  the  spectrum,  continue  to  pass,  and  produce  at  the 
focus,  a  heat  suflficiently  intense  to  set  fire  to  combustible  sub- 
stances. The  phenomena  of  calorescence  occurring  at,  and 
beyond,  the  red  end  of  the  spectrum,  have  been  compared  with 
those  of  fluorescence  at,  and  beyond,  the  violet  end.  The  com- 
bustion of  oxidisable  substances  by  these  dark  rays,  afTords  an 
example  cf  the  conversion  of  obscure  radiant  heat  into  light. 

These  heating  rays  have  been  called  calorific  rays ;  whilst 
certain  of  the  rays  at  the  violet  end  of  the  spectrum,  are 
called  chemical  or  actinic  rays,  on  account  of  their  power  of 
exciting  chemical  or  photographic  action.  The  colotured  rap 
are  named  colorific. 

Light  is  said  to  undergo  decomposition  by  absorption,  as  well 
as  by  dispersion  through  a  prism.  Thus,  the  great  variety  of 
colour  presented  by  opaque  bodies,  when  viewed  by  solar  light, 
is  due  to  the  absorption  by  them,  in  most  variable  proportions, 
of  the  rays  of  one,  or  more,  of  the  three,  or  seven,  primary 
colours,  and  the  reflection  of  the  remaining  rays.  In  this 
manner,  a  blue  body  is  said  to  absorb,  more  or  less  completely, 
the  red  and  yellow,  and  to  reflect  the  blue  rays ;  a  red  body 
absorbs  the  blue  and  yellow,  and  reflects  the  red ;  whi^t  a 
yellow  body  absorbs  the  red  and  blue,  and  reflects  the  yellow 
rays.  Secondary  colours,  or  compounds  of  two  primary  colours, 
are  produced,  when  a  body  absorbs  one  primary  colour  and  re- 
flects the  other  two;  thus  the  absorption  of  the  blue  rays,  and  tlie 
reflection  of  the  red  and  yellow,  give  an  orange  colour ;  in  tlie 
same  manner,  the  absorption  of  red  alone  gives  a  green  colour, 
and  the  absorption  of  yellow,  a  purple  colour.  Tertiary  colours, 
as  olives,  greys,  drabs,  are  produced  when  the  three  primarv  co- 
lours all  undergo  more  or  less  absorption  and  reflection.  That 
colour  which  is  necessary,  in  regard  to  another,  to  complete  a 
white  light,  is  called  its  complementary  colour;  thus  orange  is  the 
complementary  of  blue,  and  blue  of  orange  ;  again,  yellow  and 
purple,  and  red  and  green,  are,  in  the  same  manner,  comple- 
mentary colours.  Such  complementary  colours  may  be  primary 
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or  secondary.  If  decomposition,  by  absorption,  takes  place  of 
all  the  white  light  reflected  from  the  surface  on  which  it  falls, 
the  colour  of  ^e  object  is  intense;  but  if  part  of  the  white 
light  be  not  decomposed,  the  reflected  colour  is  diluted  by  it, 
and  is  much  less  intense.  Translucent  bodies  may  decompose 
"white  light,  in  this  manner,  both  reflecting  and  transmitting 
various  colours.  Those  transparent  bodies  or  media,  which, 
besides  transmitting  light,  cause  its  decomposition  by  absorp- 
tion, are  both  coloured  and  transparent.  It  has  already  been 
mentioned,  that  absorption  of  some  of  the  rays  always  takes 
place,  when  light  passes  through  a  body,  however  great  its 
transparency  ;  it  is  thiis  that  the  phenomena  of  aerial  perspec- 
tive are  produced.  The  rays  given  off  by  artificial  Ughts 
present  many  varieties  in  colour.  Some  are  monochromatic, 
giving  out  but  one  colour.  Their  calorific  or  heating  power, 
and  t£eir  chemical  action,  are  also  exceedingly  different.  All 
8uch  artificial  rays  are  less  powerful  than  the  solar  rays. 

Rays  of  light,  as  already  stated,  travel  in  straight  lines ; 
and  80  long  as  they  pass  through  a  medium  of  imiform  density, 
and  also  when  they  pass  from  a  rarer  into  a  denser,  or  from  a 
denser  into  a  rarer  medium,  as  from  air  into  glass  (Diagram 
H,  p),  or  from  glass  into  air,  py  in  a  direction  perpendicu- 
lar  to  the  surfaces  of  the  media,  they  continue  to  move 
on  in  straight  lines,  pp.  But  when  rays  pass  obliquely,  o, 
from  one  medium  into  another  of  different  density,  they  are 
bent  out  of  their  straight  course,  undergoing  what  is  called 


Diagram  H. 
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Diaflrrani  H.  Showing  simple  refraction  of  light.  6.  G,  piece  of  glass.  P,p, 
periMMidicular  ray  of  light,  passing  from  air  into  glass,  and  from 
glnM.s  into  air,  without  change  of  direction.  O,  oblique  ray  bent,  on 
passins:  from  air  into  glass,  o,  and  again  bent,  (/,  on  passing  flrom  glass 
into  air. 


refraction.  AVTien  the  rays  pass  from  a  rarer  into  a  denser 
iTiiKlium,  0,  0,  they  are  bent  towards  a  line  perpendicular  to 
the  surliice  of  the  media,  at  the  point  of  incidence ;  but  when 
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rays  pass  from  a  denser  into  a  rarer  medium,  o,  o',  ihtj  are  bent 
from  that  perpendicular.  The  incident  and  the  refracted 
rays  always  lie  in  the  same  plane.  The  refractive  powers  of 
different  media,  pre^sent  considerable  differences ;  thus  the  re- 
fractive index,  or  relative  refractive  value  of  air,  vacuum  being 
taken  as  1,  is  1003,  of  water  1-33,  of  flint  glass  1*642,  of  the 
diamond  2'755.  The  amount  of  refraction  increases  with  the 
obliquity  of  the  incident  rays ;  this  increase  follows  *  the 
law  of  the  sines.'  The  refractive  power  of  a  medium  increases 
generally  with  its  density,  and  with  the  retardation  of  the 
light  passing  through  it ;  the  refractive  power  of  combus- 
tible bodies  is,  however,  greater  than  their  density  would 
indicate.  The  spreading  or  dispersion  of  the  whit«  solar 
beam  by  a  pri«m,  into  the  coloured  spectrum,  already  described 
(p.  546),  is  explained  by  assuming  that  its  different  coloured 
rays,  have  different  degrees  of  refrangibility.  The  violet,  or 
most  rapidly  undulating  rays  are  most  bent  out  of  their  straight 
course,  wliilst  the  red,  or  more  slowly  imdulating  rays  are  the 
least  easily  refracted  or  turned  aside. 

When  parallel  rays  fall  directly  upon  a  double  convex  glass 
lens,  such  as  a  common  pocket  lens,  i.  e.  upon  a  refracting 
medium  h«iving  two  spherically  convex  surfaces,  the  rav 
coincidingwith  its  axis,  passes  through,  unchanged  in  direction, 
without  undergoing  any  refraction ;  all  the  other  rays,  how- 
ever, are  twice  refracted,  first,  on  entering,  towards  a  per- 
pendicular to  their  point  of  entrance  into  the  lens,  and  then, 
on  issuing, //'om  a  perpendicular  to  their  point  of  exit  from  the 
lens.  These  refracted  rays,  through  whatever  jmrt  of  the  lens 
they  pass,  meet  the  central  rays  at  a  certain  point,  called  tli** 
principal  focus  of  the  lens ;  the  distance  of  this  from  the 
lens,  is  called  its  proper  focal  distance,  and  is  determined  bv 
the  degree  of  convexity  and  the  refractive  power  of  the  lens. 
As  a  lens  acts  either  way,  it  has  two  principal  foci,  one  oppo- 
site the  centre  of  each  surface.  AVlien  the  rays  of  light  pro- 
ceed from  a  radiant  point,  situated  in  one  principal  focus  of 
a  lens,  and  pass  through  the  lens,  the  emergent  rays  are 
parallel,  just  as  parallel  rays  converge  to  the  principal  focus. 
When,  however,  the  radiant  point  is  further  from  the  lens  than 
its  principal  focus,  but  not  so  remote  that  the  rays  issuing 
from  it,  enter  the  lens  in  parallel  lines,  then  the  rays  con- 
verge to  a  point  or  focus,  which  is  nearer  the  lens,  the  greater 
tlip  distance  of  the  radiant  point  from  its  principal  focus. 

When  an  object  (Diagram  1)  a,  i,  c,  is  placed  in  front  of  a 
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lens,  /,  so  that  the  rays  of  light  emitted  from  its  several  points, 
diverge  as  they  fall  upon  the  refracting  surface,  those  which 
proceed  from  the  central  point  of  the  object,  bj  form  a  coniccU 
pencil  of  rays,  called  a  direct  pencil ;  all  the  divergent  rays  of 
this  pencil,  after  having  undergone  refraction,  converge  on  the 
other  hide  of  the  lens,  meeting  the  central  ray,  which  has 
passed  through  without  imdergoing  any  change  in  direction, 
at,  or  near,  a  comnwn  /ocus,  b'.  The  rays  irom  all  the  other 
[)oint8  of  the  object,  form  more  or  less  oblique  pencils.  Those 
oblique  pencils  which  proceed  from  the  extremities  or  circum- 
ference of  the  object,  a  and  c,  undergo  similar,  though  not 
such  regular  refraction  as  the  divergent  rays  of  the  direct 
IKjnriK  and  after  passing  obliquely  through  the  lens,  converge 
to  tlieir  respective  common  focij  a',  c',  on  the  opposite  sides  of 
the  common  focus  of  the  direct  pencil,  b.  In  the  same  manner, 
all  the  rays  proceeding  from  points  between  the  centre  and  the 
extremities  or  circumference  of  the  object,  after  being  re- 
fracted, converge  to  their  respective  intermediate  common  foci, 
so  that  an  inverted  image,  a'  b'  d,  of  the  object,  «  6  c,  is  thus 
formed.  The  formation  of  such  an  inverted  image,  may  be 
readily  Hhown  by  holding  a  lighted  candle  on  one  side  of  a  lens, 
and  a  screen  of  white  paper  on  the  other ;  it  is  of  special  in- 

Diagram  I. 


DiiMrram  I.  Diagram.  illu»trating  the  formation  of  an  inverted  image  of 
nil  object  in  the  focus  of  a  double  convei  glaM  leua.  /,  the  lens  noeu 
iHlgt'Ways.  a,  6,  c.  an  arrow  representing  the  object,  a',  V,  &,  the  in- 
v«Tt4>d  image  of  the  same.  a.  pencil  of  rays,  ft-om  the  point  of  the  arrt>w, 
n'fracted  on  entering,  and  emerging  f^m,  the  lens,  to  meet  in  the  point 
a',  c ;  another  pencil  of  ray.%  from  the  opposite  end  of  the  arrow,  acted 
on  in  a  similar  maimer,  and  converging  at  the  point  d.  In  order  to 
nvoid  confusion  in  the  diagram,  only  the  central  ray,  of  the  pencil 
from  the  point  6,  is  here  shown  t  it  alone  undergoes  no  refraction. 

ttrest  to  the  physiologist,  for  this  optical  phenomenon  actually 
takes  j)lace  in  the  eye. 

In  the  j)roduction  of  images  by  artificial  lenses,  there  are 
pevenil  wjurces  of  imi>ertection.  It  has  already  been  men- 
tioned, tliat  the  different  coloured  rays  into  which  solar  light 
may  bu  decomjwaed,  have  different  degrees  of  relrangibility  ; 
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it  is  in  consequence  of  this  unequal  refraction,  that  the  images 
of  bodies  illuminated  by  solar  or  other  compound  light,  formed 
by  an  ordinary  lens,  are  surrounded  by  a  iringe  of  prismatic 
colours.  This  defect  is  called  the  error  of  dispersion  or 
chromatic  aberration. 

The  degree  of  refraction  of  the  rays  which  fall  on  the 
curved  surfece  of  a  double  convex  lens,  becomes  relatively 
greater,  the  greater  their  distance  from  the  axis  of  the  lens, 
because  they  fall  upon,  and  issue  from,  its  sur&ces,  with  greater 
and  greater  obliquity.  Hence,  the  peripheral  rays  are  brought 
to  a  focus  sooner  than  the  central  rays,  so  that  every  part  of 
the  image,  becomes  more  or  less  indistinct  and  confused.  This 
is  called  spherical  aberration.  The  effect  on  a  small  pencil  of 
light,  is  the  production  of  the  so-named  circles  of  dissipation^ 

By  cutting  off  the  peripheral  rays,  by  means  of  perforated 
stops  or  diaphragms,  both  chromatic  and  spherical  aberration 
may  be  diminished.  They  may  be  almost  completely  cor- 
rected, by  building  up  lenses  of  two  pieces  of  glass,  having 
different  curves,  and  also  different  dispersive  powers,  so  that 
the  dispersive  and  undue  marginal  refractive  effects  of  one 
portion  of  the  lens,  are  counteracted  by  the  influence  of  the 
other.     Such  lenses  are  called  achromatic. 

If  an  object  be  situated  at  such  a  distance  from  the  lens, 
that  the  rays  issuing  from  it  are  parallel,  the  best  image  is 
formed  in  the  principal  focus  of  the  lens.  The  nearer  the 
object  approaches  the  lens,  the  more  the  focus  recedes,  imtil 
at  last,  the  object  having  reached  the  principal  focus  of  the 
lens  in  front,  the  rays  emerging  from  the  lens  become  parallel, 
and  accordingly,  no  image  is  formed.  Hence,  in  order  to  obtain 
a  distinct  image  of  any  object,  the  distance  between  the  lens 
and  the  screen  for  the  reception  of  the  image,  must  be  varied, 
that  is,  increased  or  diminislied,  according  to  the  nearness  or 
distance  of  the  object.  In  optical  instruments,  provision  is 
made  for  the  proper  adjustment  of  the  focal  distancey  bv 
having  the  lenses,  or  the  screen,  made  movable.  The  defect 
arising  from  imperfect  adjustment  of  the  focus,  is  known  as 
distantial  aberration. 

The  size  of  the  image  varies,  of  course,  according  to  the 
distance  of  the  object,  being  smaller  in  proportion  to  the 
greater  distimce  of  the  object.  The  degree  of  convexity  of 
the  lens  also  affects  the  size  of  the  image ;  for  the  greater  the 
convexity  of  the  lens,  the  shorter  is  the  focal  distance,  and  the 
smaller  the  image  produced. 
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When  the  rays  from  a  straight  line,  or  from  a  plane  surface, 
placed  parallel  with  the  surface  of  a  double  convex  lens,  pass 
through  it,  the  image  is  always  curved,  or  concave,  towards  the 
lens ;  and  if  the  screen *for  its  reception,  be  a  plane  surface, 
this  image  is  defective,  either  at  the  extremities  or  margins, 
or  else  in  the  centre.  This,  the  error  from  curvature^  may  be 
obviated  by  making  the  screen  concave. 

The  error  called  that  of  distortion,  is  due  to  the  varying 
distances  of  the  parts  of  the  same  object ;  it  therefore  chiefly 
affects  the  extreme  marginal  rays  proceeding  from  very  long 
straight  objects.  It  is  on  this  account,  that  the  images  of  the 
parts  of  such  objects,  which  lie  near  to  the  margins  of  the  lens, 
are  proportionally  somewhat  smaller,  than  those  of  the  parts 
lying  opposite  the  centre  of  the  lens. 

The  errors  of  curvature  and  distortion  may  be  diminished 
by  limiting  the  operation  of  the  lens  to  its  central  part,  by 
cutting  off  the  marginal  rays  with  a  perforated  diaphragm. 

Another  imperfection,  called  the  error  of  confusion,  is  due  to 
the  increasing  irregularity  of  the  refraction  undergone  by  those 
rays  which  fall  with  gi-eater  and  greater  obliquity  on  the 
lens.  If  the  marginal  rays  are  intercepted,  this  error  may 
be  diminished ;  and  if  the  position  of  the  lens  be  so  changed, 
that  the  rays  fall  on  it  directly,  instead  of  obliquely,  it  is 
entirely  obviated. 

A  camera  obscura  is  a  dark  box  or  chamber,  painted  black 
in  its  interior,  and  having,  in  its  front,  an  aperture  fitted  with 
a  double  convex  lens,  made  to  slide  in  and  out,  and,  at  the 
back,  a  screen  of  some  semi-opaque  substance,  such  as  groimd 
glass,  or  tissue  paper.  When  an  object  is  placed  in  front  of 
the  lens  at  a  suitable  distance,  an  inverted  image  of  it,  is 
projected  on  to  the  screen.  The  distinctness  of  this  image  may 
be  diminished  or  increased,  by  changing  the  distance  of  the 
lens  from  the  screen ;  and  the  introduction  of  a  perforated 
diaphragm  of  blackened  cardboard,  or  metal,  between  the  lens 
and  the  screen,  by  cutting  off  the  aberrant  marginal  rays,  will 
also  improve  the  distinctness  of  the  image,  and,  at  the  same 
time,  regulate  the  quantity  of  light  admitted  into  the  camera. 
Such  a  chamber,  filled  with  water  instead  of  air,  having  a  con- 
cavo-convex lens  fitted  into  the  apertiure  in  its  front,  and  pro- 
vided, in  its  interior,  with  a  double  convex  lens,  placed  behind 
a  perforated  diaphragm,  would  closely  resemble,  in  its  optical 
arrangements,  tlie  globe  of  the  eye,  and  would  form,  on  the 
screen  behind,  inverted  images  of  objects  situated  in  its  front. 
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The  eyeball,  ^g.  83,  is  a  natural  oamera  obscura;  it  is  a 
dark  chamber,  coloured  black,  or  brownish,  within,  by  the 
choroid  pigment ;  in  front,  it  presents  a  convex,  transparent, 
portion,  the  cornea,  c,  lor  the  admission  of  light  into  its 
interior,  as  well  as  for  its  partial  refraction  ;  certain  other 
fluid  and  solid  refractive  media,  viz.  the  aqueous  humour, 
a,  crystalline  lens,  Z,  and  vitreous  humour,  r,  are  super- 
added ;  of  these,  the  crystalline  lens  is  the  most  important, 
and  represents  the  internal  lens  of  the  water  camera  obscura ; 
the  perforated  diaphragm  is  represented  by  the  iris,  i,  and 
pupil ;  lastly,  the  retina,  r,  occupies  the  position  of  the  re- 
cipient surface  or  screen.  To  complete  tlie  comparison,  when 
an  object  is  placed  in  front  of  the  eyeball,  at  a  suitable  dis- 
tance, an  mt'er^6f/ image  of  it,  is  projected  on  to  the  retina  (see 
the  arrow  and  its  image).  This  image  cannot  be  seen  in  tlie 
living  eye;  but  it  may  be  demonstrated  in  the  human  eye,  and 
in  the  eyes  of  the  larger  quadrupeds,  taken  out  after  death, 
on  removal  of  a  part  of  the  sclerotic  and  choroid  coats  from 

Fig.  83. 


Fig.  83.  Diagrammatic  section  of  tho  eyeball,  showing  the  position  of 
its  parts,  and  the  mode  of  formation  of  the  inverted  iu:age  of  iktx 
object  on  the  retina,  at  the  back  part  of  the  eyeball,  c,  the  cornea.  «.  the 
sclerotic,  e,  the  choroid.  6,  the  ciliary  processes,  r,  the  retina,  a,  the 
aqueous  humour.  I,  the  crystalline  lens,  o,  the  vitreous  humour, 
t,  the  iris.— The  position  of  the  ciliary  ligament,  fh>ni  which  the 
ciliarj-  muscle  takes  its  origin,  is  at  the  junction  of  the  cornea,  sclerotic, 
and  iris,  h,  the  optic  nerve.  The  arrow,  with  the  lines  representing 
Iiencils  of  light,  and  the  inverted  arrow  on  the  inside  of  the  back  of  the 
eyeball,  may  be  compared  with  the  same  parts  in  Diagram  I.  p.  551. 

the  back  of  the  eyeball,  and  even  without  such  dissection,  in 
white  rabbits,  and  other  small  albhio  quadrupeds,  in  wiiich 
the  coats  of  the  eyeball  are  transparent. 
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But  the  eyeball  differs,  as  we  shall  see,  from  an  artificial 
camera  obsciira,  in  many  ways.  Its  form  is  globular,  not 
cubical,  so  that  its  screen  presents  a  concave  surfece;  its 
chief  refracting  medium,  the  crystalline  lens,  is  capable  of 
special  adjustment  for  objects  at  different  distances ;  the  eye  is 
also  corrected  for  the  aberrations  of  ordinary  lenses ;  its  dia- 
phragm has  a  self-regulated  aperture  of  variable  size;  and  lastly, 
the  recipient  screen  is  a  sensitive  surface,  which  becomes 
excited  by  the  image  thrown  upon  it,  in  such  a  definite  manner, 
that  distinct  and  corresponding  visual  impressions  are  thereby 
produced  in  the  sensorium,  conveying  to  Uie  mind,  impressions 
of  light  and  shade,  form  and  colour^ 

The  eye  acts  upon  light  like  a  compound  lens ;  it  consists, 
indeed,  of  a  compound  system  of  refracting  media.  Thus  the 
cornea  forms  a  meniscus,  the  aqueous  humour,  a  convexo- 
concave,  the  crystalline  lens,  a  double  convex,  and  the  vitreous 
body,  a  concavo-convex  lens.  The  refractive  power,  or  index, 
of  air  being  taken  as  1*003,  and  that  of  water,  as  1*33,  the 
refractive  index  of  the  cornea  is  1*33,  of  the  aqueous  humour, 
1*34,  of  tlie  capsule  and  outer  layers  of  the  lens,  1'35,  of  the 
succeeding  layers  of  the  lens,  1*38,  of  the  nucleus  or  centre 
of  the  lens,  1*41,  and  of  the  vitreous  humour,  1*35.  The 
mean  refractive  power  of  the  lens,  is,  by  some,  estimated  as 
high  as  1*45.  Hays  of  light  passing  from  one  medium  to  the 
other,  within  the  eye,  are  not  refracted,  according  to  the 
abDve- mentioned  co-efficients,  which  refer  to  the  refractive 
powers  of  the  several  parts,  in  regard  to  rays  passing  from  a 
vacuum.  The  cornea  first  refracts  the  rays,  and  the  aqueous 
humour  may  be  taken  as  a  part  of  one  ^steni  with  it ;  the 
lens  acts  as  a  second  system,  and  the  vitreous  humour  as  a 
third.  The  rays,,  on  entering  the  cornea  from  the  air,  are 
powerfully  refracted  towards  the  perpendicular;  in  passing 
from  the  aqueous  hiunour  into  the  lens,  they  are  again  re- 
fracted towards  the  perpendicular,  but  only  in  proportion  to 
the  relative  index  of  refraction  of  the  several  media,  found  by 
dividing  the  greater  by  the  smaller  co-efficients ;  on  escaping 
from  the  lens  into  the  vitreous  himaour,  they  are  refracted 
dighily  from  the  perpendicular,  according  to  the  relative  index 
of  refraction  of  those  two  paits.  These  tacts,  the  varying  re- 
fractive powers  of  different  portions  of  the  lens,  and  the  not 
absolutely  perfect  centreing  of  the  several  systems  of  refracting 
media  in  the  living  eye,  render  it  impossible  to  attain  mathe- 
matical exactness  as  to  its  dioptric  action. 
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The  manner  in  -which  the  eye,  regarded  as  an  optical 
instrument,  corrects  the  errors  or  aberrations  to  which  such 
instruments  are  liable,  is  most  remarkable. 

The  density  and  refractive  power  of  the  crystalline  lens  are 
gradually  diminished  towards  its  borders,  so  that  the  tendency 
to  over- refraction  in  that  portion  of  it  is  counteracted,  and  thus, 
as  well  as  by  the  aid  of  the  peculiar  curves  of  its  two  surfaces, 
spherical  aberration  is  probably  absolutely  corrected.  The 
dispersion,  or  decomposition,  of  light  in  the  eye,  is  very  slight ; 
and  different  and  mutually  coirective  dispersive  powers  of  the 
cornea,  the  aqueous  humour,  and  the  lens  with  its  capsule,  pro- 
bably correct  chromatic  aberration.  It  should  be  added,  that 
the  exclusion  of  the  marginal  rays  by  the  iris,  diminishes  the 
tendency  to  both  the  preceding  defects.  But  under  certain 
circumstances,  chromatic  vision,  or  the  perception  of  coloured 
fringes  at  the  margins  of  objects,  occurs ;  for  example,  when 
the  eyes  are  not  correctly  accommodated  to  a  near  object ; 
also  when  one  half  of  the  eye  is  covered  by  a  dark  screen.  In 
the  latter  case,  the  corrective  effect  of  one  half  of  the  lens  on 
the  other  half,  by  its  opposite  dispersive  influence  over  the  rap 
of  light  radiating  from  any  given  point  of  the  object,  no  longer 
takes  place. 

The  errors  of  distortion  and  confusion,  are  likewise  dimi- 
nished by  the  exclusion  of  the  marginal  rays  by  the  iris ;  but 
they  are  not  noticeable  in  vision  through  the  central  part  of 
the  eye,  nor  in  lateral  vision.  The  error  from  curvature,  is 
corrected  in  the  eye,  by  the  concave  shape  of  the  retina. 

The  ojytic  centre  of  the  eye,  is  a  point  in  its  antero-posterior 
axis,  at  which  the  rays  of  light  intersect  each  other,  as  they 
cross  to  produce  an  image ;  and  the  distance  between  this  point 
and  the  retina,  must  be  adjusted  to  accommodate  vision  for 
objects  at  different  distances.  If  one  eye  be  closed,  and  the 
other  be  turned  towards  two  objects  placed  one  in  front  of 
the  other,  in  the  same  line,  and  at  a  certain  distance  apart,  the 
rays  proceeding  from  the  two  objects,  meeting  at  different  foci, 
the  retina  does  not  receive  a  distinct  impression  of  either ;  but 
circles  of  dissipation,  as  they  are  termed,  form  around  the 
images  of  the  objects.  If,  however,  the  eye  be  directed  first 
to  one,  and  then  to  the  other,  object,  they  are  both  distinctly 
perceived  in  succession.  In  such  acts,  one  is  conscious  of  cer- 
tain change  and  effort,  within  the  eye.  When  the  eyes  are  dii-ected 
from  a  distant  to  a  near  object,  the  change  is  apparently  due 
to  some  internal  muscular   contraction,    which    ceases  the 
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moment  distant  objects  are  looked  at,  the  parts  then  resuming 
their  natural  and  unconstrained  position.  The  sense  of  fatigue, 
which  always  attends  near  vision,  if  long  continued,  is  im- 
mediately relieved  when  the  eyes  are  directed  to  distant 
objects,  the  state  most  commonly  r^arded  as  that  proper  to 
the  eye  when  at  rest. 

Concerning  the  nature  of  the  changes  which  the  eye  under- 
goes, in  its  adjustment  for  different  distances,  various  theories 
have  been  advanced.  According  to  one  view,  the  adaptation  of 
the  eye  to  distance  is  effected  by  means  of  changes  in  the  con- 
dition of  the  iris,  inasmuch  as  in  near  vision  the  pupil  is  con- 
tracted, and  in  distant  vision  dilated.  The  contraction  of  the 
pupil,  which  always  takes  place  when  near  objects  are  viewed, 
may,  by  excluding  the  marginal  rays,  help  to  prevent  the  forma- 
tion of  circles  of  dissipation,  and  thus  to  render  the  images  of  ob- 
jects more  distinct.  On  this  principle,  a  small  object  held  close 
to  the  eye,  and  therefore  seen  indistinctly,  may  be  rendered  dis- 
tinct, by  looking  at  it  through  a  small  pin-hole  in  a  card ;  this 
cuts  off  the  marginal  rays ;  at  the  same  time,  the  object  appears 
less  bright,  and  also  magnified,  because  its  image  on  the  retina 
is  Lirger,  owing  to  its  proximity  to  the  eye.  The  contraction 
of  the  pupil  is  not,  however,  the  sole  change  tliat  takes  place 
in  near  vision,  and  certainly  not  the  efficient  change  ;  for  on 
looking  at  a  bright  luminous  body  situated  at  a  great  distance, 
the  pupil  contracts,  whereas  if  the  eye  be  directed  to  a  near 
object  of  feeble  luminous  power,  the  pupil  dilates.  More- 
over, the  adjustment  of  the  eye  can  be  effected,  even  when 
looking  through  an  unchangeable  pin-hole  in  a  piece  of  paper ; 
further,  in  cases  in  which  the  iris  is  wanting,  or  in  which  it 
has  been  entirely  removed,  the  power  of  adaptation  of  the  eye 
has  remained  perfect;  and  lastly,  in  long-sighted  persons, 
although  the  pupil  may  contract  with  great  vigour,  yet  near 
objects  are  ver}'^  indistinctly  seen. 

The  movements  of  the  iris  under  the  several  above-men- 
tioned conditions,  seem  to  be  consentaneous^  being  primarily 
regulated  according  to  the  quantity  of  light  entering  the  eye, 
which  is  relatively  more  intense,  from  near  objects. 

The  adaptation  of  the  eye  to  vision  at  different  distances, 
has  been  referred,  by  some,  to  alterations  in  the  distance 
between  the  optic  centre  of  the  eye  and  the  retina,  produced 
by  the  pressure  of  the  ocular  muscles  upon  the  eyehalL  Thus 
it  was  maintained,  that,  in  near  vision,  the  antero-posterior 
diameter  of  the  eyeball,  is  lengthened  by  the  action  of  these 
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muscles,  according  to  some  by  the  recti,  according  to  others  by 
the  oblique  muscles.  But  to  be  efficient  in  accommodating 
the  eye  to  the  necessary  distances,  such  elongation  or 
shortening  of  the  eyeball,  must  be  greater  than  can  possibly 
occur  in  it.  Moreover,  in  cases  of  paralysis  of  the  recti 
muscles,  the  power  of  accommodation  of  the  eye  to  distance, 
is  not  impaired,  and  it  has  even  been  proved,  that  these 
muscles  are  unable  to  produce  any  appreciable  change  in  the 
form  of  the  globe.  Nor  can  the  adjustment  of  the  eye  as 
regards  distance,  be  owing  to  the  action  of  the  oblique  muscles ; 
for  under  the  influence  of  belladonna,  not  only  does  the  pupil 
dilate,  but  the  normal  adaptive  power  of  the  eye,  is  lessened, 
although  the  oblique  muscles  remain  unaffected,  for  the  eyes 
can  still  perform  all  the  movements  dependent  on  them. 

The  necessary  adjustment  has  also  been  attributed  to  an 
elongation  of  the  distance  between  the  retina  and  the  optic 
centre,  by  a  forward  movement  of  the  crystalline  lens  as  a 
whole,  but  such  a  movement  is  not  known  to  occur. 

This  accommodation  of  the  eye  has  also  been  ascribed  to 
changes  in  the  degree  of  convexity  of  the  cornea^  effected  by 
the  ocular  muscles ;  and,  as  the  refractive  power  of  this  trans- 
parent coat,  and  of  the  aqueous  humour  behind  it,  is  so  much 
greater  than  that  of  air,  a  very  slight  increase  in  the  convexity 
of  the  cornea,  would  be  sufficient  to  account  for  the  whole 
adjusting  power  of  the  eye  for  near  objects;  but  the  convexity 
of  the  cornea  is  said  to  undergo  no  change,  being  the  same  in 
near  as  in  distant  vision.  This  and  the  preceding  explanation, 
are  further  opposed  by  the  facts  of  a  case,  in  which,  although 
there  was  paralysis  of  the  third  nerve,  and  consequently  of  ail 
the  ocular  muscles,  excepting  the  superior  oblique  and  external 
rectus,  the  power  of  accommodation  was  imim paired  (Von 
Grafe). 

That  some  change  in  the  position  or  form  of  the  crystalline 
lens,  is  intimately  connected  with  the  power  of  acommodation, 
is  shown  by  the  fact,  that  when  this  body  is  removed,  an 
operation  performed  when  it  becomes  opaque,  constituting  the 
disease  known  as  cataracty  the  power  of  accommodation  is 
almost  wholly  lost.  It  is  now,  indeed,  generally  admitted,  that 
the  adaptation  of  the  eye  to  vision  at  different  distances,  or  the 
correction  in  it  of  distantial  aherratton,  is  due  to  changes  in 
the  shape  of  the  lens^  and  that,  in  near  vision,  the  convexity  of  its 
anterior  s^trface  becomes  much  increased,  so  that  a  forward  move- 
ment of  this  surface  ensues,  the  convexity  of  its  posterior  sur&ce 
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naining  unchanged  (Helmholz).  If,  in  a  dark  room,  a  lighted 
idle,  or  any  other  luminous  body,  be  held  on  one  side  of  the 
p,  at  a  distance  of  about  18  inches,  the  observer,  standing  on 
}  opposite  side  to  the  light,  will  see  three  images  of  the  candle  ; 
anterior  erect  one,  reflected  from  the  surface  of  the  cornea,  a 
ddle,  also  erect,  image,  reflected  from  the  anterior  surface  of 
5  crystalline  lens ;  and  a  posterior  inverted  one,  reflected 
m  the  posterior  surface  of  the  same.  The  light  and  the  ob- 
•ver  should  form  an  angle  of  about  20®  with  the  eye  examined, 
le  first  two  images  are  erect,  because  the  cornea  and  anterior 
^ace  of  the  lens,  are  convex  reflecting  surfaces ;  the  third 
!ige  is  inverted,  because  the  posterior  sur&ce  of  the  lens  act? 
a  concave  reflector  forwards.  The  anterior  erect  image  is 
)  brightest  and  the  clearest  of  the  three  ;  the  middle  erect 
age  is  the  largest,  the  least  deflned,  and  the  least  luminous ; 
;  posterior  inverted  image  is  the  smallest,  and  intermediate 
clearness  between  the  other  two.  When  the  eyes  are  turned 
m  a  distant  to  a  near  object-,  the  anterior  erect,  and  the 
sterior  inverted  image,  undergo  no  change  of  position, 
t  the  middle  erect  and  least  luminous  image  advances 
newhat  towards  the  anterior  erect  image ;  at  the  same  time, 
J  pupillary  margin  of  the  iris  undergoes  a  slight  forward  in- 
nation,  approaching  the  cornea.  Unless  the  change  just 
jntioned  in  the  middle  image,  be  owing  to  some  other 
iditions,  such  as  an  alteration  in  the  position  of  the  eyeball, 
an  increase  in  the  convexity  of  the  cornea,  either  with,  or 
uhout,  a  forward  and  backward  movement  of  the  lens,  it  must 
produced  by  some  alteration  in  the  form  of  the  anterior 
•face  of  the  lens  itself.  No  change  in  the  position  of  the  eye- 
11,  however,  is  necessary  in  the  act  of  accommodation ;  the 
•nea  presents  no  change  in  its  convexity,  such  as  has  been 
iposed  to  be  produced  by  the  muscles  external  to  the  eye- 
11 ;  any  assumed  movement  of  the  lens,  as  a  whole,  forwards 
i  backwards,  is  inconsistent  with  the  fact  that,  according  to 
J  best  observers,  the  posterior  surface  of  the  lens  does  not 
fl  its  position.  The  phenomena  actually  observed,  can 
Tefore  only  be  explained  by  supposing  that  an  alteration 
airs  in  the  convexity  of  the  anterior  surface  of  the  lens. 
An  instrument  named  the  ophthalmometer  has  been  used,  to 
srconie  the  difficulties  of  ascertaining  and  measuring  the 
nute  changes  in  the  relative  shape  and  position  of  the  two 
ages  of  the  flame  reflected  from  the  anterior  and  posterior 
'faces  of  the  lens,  in  the  experiment  just  referred  to ;  and 
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many  most  careful  determinations  of  the  actual  changes  which 
take  place  in  the  lens,  in  the  position  of  the  ciliary  processes, 
and  in  the  condition  of  the  iris,  have  now  been  made.     An 
increased  convexity  of  the  anterior  surface  of  the  lens,  a  for- 
ward movement  of  this  surface,  so  that  it  approaches  the  cornea, 
and  a  necessary  increase  in  its  antero-posterior  axis,  have  thus 
been  noticed.     The  radius  of  its  anterior  surface  is  diminished, 
and  its  vertex  approaches  the  cornea.     In  the  normal  eye, 
the  radius  of  the  curve  of  the  anterior  surface  of  the  lens,  is 
said  to  measure  8*8  millimetres  in  distant  vision,  and  5*9  in 
near  vision ;  in  the  former  case,  the  distance  of  the  anterior 
surface  of  the  lens  from  the  surface  of  the  cornea  is  3*9;  in  the 
latter,  3*4  millimetres.     The  posterior  surface  of  the  lens,  is 
said  to  undergo  but  little,  or,  according  to  the  best  authorities, 
no  change  ei8ier  in  shape  or  position.     By  some,  however, 
a  slight  forward  movement  of  the  lens  is  supposed  to  occur  in 
near  vision.     During  near  vision,  the  pupil  contracts,  whilst 
the  pupillary  margin  of    the  iris   moves  forwards,  and  its 
attached  border  or  rim  falls  backwards  (Helmholz).     On  this 
point,  however,  contrary  statements  have  been  made  ;  for  the 
plane  of  the  whole  iris,  is  said  by  Knapp  to  move  forwards  y^th 
of  an  inch  ;    whilst,  according  to  Czermak,  it  undergoes  no 
change,  remaining  perpendicular.    It  is,  moreover,  stated,  that, 
in  near  vision,  the  points  of  the  ciliary  processes  recede  from 
the  margin  of  the  lens  (Becker).     In  accommodation  ibr  dis- 
tant vision,  on  the  other  hand,  the  pupil  dilates,  the  inner 
border  of  the  iris  falls  back,  and  the  points  of  the   ciliary 
processes  are  said  to  approach  the  margins  of  the  lens. 

The  altered  shape  of  the  anterior  surface  of  the  lens,  now 
generally  admitted  to  be  the  essential  change  in  the  accommo- 
dation of  the  eye  for  near  vision,  is  attributed  by  Helmholz, 
the  originator  of  these  researches,  to  joint  muscular  and  elastic 
action ;  whilst  the  restoration  of  the  lens  to  its  shape  when  at 
rest,  is  supposed  to  be  due  to  elasticity  alone.  According  to 
him,  the  lens,  when  at  rest  within  the  eyeball,  is  subjected 
to  the  tension  of  an  elastic  zone  connected  with  its  margin, 
which  maintains  its  anterior  surface  somewhat  more  flattened 
than  it  would  be,  if  not  so  acted  upon  ;  the  elastic  zone  here 
spoken  of,  seems  to  coincide  with  the  so-called  highly  ekstic 
suspensory  ligament  of  the  lens.  When,  however,  the  eye  is 
turned  to  a  near  object,  the  ciliary  muscle  is  supposed  to  con- 
tract, to  draw  Ibnvard  the  choroid  coat,  and,  with  it,  the 
hinder  margin  of  the  elastic  zone,  which  is  thus  relaxed,  and 
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o  its  effect  in  flattening  the  lens  is  counteracted,  and  the  lens, 
>y  its  own  elasticity,  becomes  more  convex  in  front  Accord- 
Dg  to  this  view,  therefore,  the  active  agent  in  near  accom- 
nodation,  is  the  ciliary  muscle^  which  sets  free  the  elasticilgr 
►f  the  lens;  and  the  feeling  of  effort  experienced  in  such 
idjustment,  must  be  chiefly  due  to  the  action  of  that  muscle ; 
vhilst  distant  accommodation  involves  only  the  employment 
»f  the  elastic  force  of  the  suspensory  ligament  of  the  lens. 

Though  the  explanations  of  HelmhoLs  are  generally  accepted, 
t  is  maintained  by  some,  that,  in  near  vision,  the  lens  under- 
;oes  an  alteration  both  in  shape  and  position,  through  the 
oiluence  of  the  ciliary  muscle,  or  of  some  simultaneous  pres- 
lire,  exercised  by  the  iris  also,  upon  the  margin  of  the  lens. 
)y  this  pressure,  the  substance  of  the  lens  is  supposed  to  be 
ubjected  to  the  degree  of  tension  necessary  to  increase  its 
;onvexity ;  whilst,  in  distant  vision,  the  muscular  parts  are 
upposed  to  relax,  and  the  lens,  by  its  own  elasticity,  to  recover 
ts  flatter  form  (H.  MUller  and  Cramer).  The  swifl  forward 
iiovement  of  the  lens  is  supposed  to  be  owing  to  the  ciliary 
nuscle  drawing  forward  the  choroid  coat,  which  acts  on  the 
itreous  humoiir,  and  this,  in  its  turn,  on  the  lens.  Lastly,  an 
ipinion  recently  entertained,  is,  that  the  eye  is  at  rest  only  when 
>bjects  situated  at  mediiun  distances  are  looked  at,  and,,  that,  in 
he  production  of  the  changes  in  the  eyeball,  necessary  f(x  near 
'ision,  the  circular  fibres  of  the  iris  contract,  whilst  the  radial 
ibres  contract  when  distant  objects  are  viewed  (Langenbeck, 
lenke).  If  such  be  the  case,  it  is  difficult  to  account  for  the 
act,  that  the  sense  of  fatigue,  which,  as  already  mentioned, 
Iways  attends  near  vision,  immediately  disappears  on  direct- 
ng  the  eyes  to  distant  objects.  Moreover,  on  opening  the  eyes 
fter  they  have  been  closed  for  any  length  of  time,  distant 
ibjects  are  those  most  clearly  perceived. 

There  can  be  little  doubt,  however,  that,  whatever  may  be 
he  nature  of  the  changes  in  the  lens,  by  which  the  necessary 
djustment  is  effected,  they  are  accomplished  chiefly ^  as  is  now 
enerally  supposed,  by  the  agency  of  the  fibres  of  the  ciliary 
Quscle,  or  so-called  tensor  of  the  choroid,  with  which  the  iris 
lay  in  some  way  cooperate.  The  movements  themselves, 
hough  instigated  by  the  will,  and  assisted  by  sensation,  are 
utomatic.  As  is  well  known,  atropine,  the  active  principle 
f  the  atropa  belladonna,  or  deadly  nightshade,  whether  lo- 
ally  apj)lied,  or  taken  internally,  dilates  the  pupil ;  but  it 
Iso  destroys  the   power  of  accommodation  of  the  eye   to 
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distances,  distinct  near  vision  being  rendered  impossible.  The 
extract  of  the  Calabar  bean,  on  the  other  hand,  contracts  the 
pupil,  and,  at  the  same  time,  the  power  of  distinct  distant 
vision  is  diminished,  whilst  that  of  near  vision  is  increased ; 
the  power  of  accommodation  is  not,  however,  entirely  paralysed. 
The  visible  effects  of  these  substances  are  upon  the  iria ;  but 
it  does  not  follow  that  they  are  limited  to  the  muscular 
fibres  of  that  structure,  so  that  the  changes  in  the  accommo- 
dating power  of  the  eye,  produced  by  them,  must  not  be  en- 
tirely attributed  to  the  dilatation  or  contraction  of  the  pupil. 
There  probably  occur  simultaneous  effects  on  the  ciliary 
muscle,  the  conjoint  results  being,  not  only  a  change  in  the 
size  of  the  pupil,  but  also  in  the  form  of  the  crystalline  lens. 
Opium  is  another  medicine  which  contracts  the  pupil,  but  its 
effects  on  vision,  do  not  appear  to  have  been  accurately  studied. 
Hydrocyanic  acid  dilates  the  pupil  widely,  the  circular  rim 
almost  disappearing. 

It  is  not  yet  imderstood  how  these  medicinal  agents  affect 
the  pupil.  Atropine,  for  example,  may  cause  dilatation, 
either  by  paralysing  the  ocido-motor  nerve,  or  its  nervous 
centre,  which  might  be  termed  passive  dilatation,  or  by 
stimulating  the  sjrmpathetic  nerve  or  nervous  centre,  con- 
stituting an  active  form  of  dilatation,  or  in  both  ways 
simultaneously.  But  atropine  is  found  to  influence  the  state 
of  the  pupil,  after  division  of  both  the  above-named  nerves, 
and  even  after  excision  of  the  eyeball.  It  is  possible  that  these 
agents  affect  the  pupil  only  indirectly,  by  their  blunting,  or 
exalting,  the  sensibility  of  the  retina,  and  so  causing,  in  the 
former  case,  dilatation,  in  the  latter,  contraction,  of  the  pupil 

The  accommodation  of  the  eye  in  viewing  near  objects,  is 
known  as  positive  accommodation,  that,  in  looking  at  distant 
objects,  as  negative  accommodation.  The  act  of  accommoda- 
tion is  effected  more  rapidly,  when  the  eye  is  turned  from  a 
near  to  a  distant  object,  than  when  it  is  directed  from  a  dis- 
tant to  a  near  one.  The  time  required  is  probably  modified 
by  age,  practice,  and  other  circumstances;  in  old.  age,  for 
example,  more  time  is  occupied  in  accommodating  the  eye  for 
near  objects,  than  in  childhood.  The  accommodation,  when 
the  eye  is  turned  from  an  object  at  60  feet  distance,  to  one  at 
4^  inches,  is  said  to  take  place  in  -^ths  of  a  second ;  whereas 
only  -j^ths  of  a  second  elapse  in  changing  the  accommodation 
from  4^  inches  to  60  feet  (Vierordt).  It  would  seem,  how- 
ever, that,  in  the  case  of  short  distances,  the  time  necessaiy 
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is  relatively  much  greater ;  for  according  to  other  observations, 
the  accommodation  from  17  inches  to  4^  inches,  requires  as 
long  as  2  seconds  :  that  from  4^  to  17  inches,  l^th  of  a  second 
(Aby).  Between  a  distance  of  200  feet  and  the  horizon,  all 
objects  are  seen  equally  clearly  without  change  of  accommo- 
dation ;  but,  at  nearer  distances,  the  necessity  for  exact  ac- 
commodation increases,  and,  in  very  near  vision,  it  is  absolutely 
essential,  one  object  only  in  the  so-called  line  of  accommodation 
(Czormak),  being  clearly  visible  at  the  same  time. 

The  range  of  healthy  vision,  or  the  sight  of  hemitropic 
eyes  (Bonders),  is  limited  by  two  points,  named  the  far  point, 
or  point  of  rest,  and  the  near  point ;  the  ordinary  limits  of 
near  vision,  or  close  focal  adjustment,  and  of  distant  vision,  are 
said  to  be  from  about  five  inches  to  mdefinite  distances,  ac- 
cording to  the  intensity  of  the  light.  The  ordinary  focal 
distance  foir  easy,  clear,  vision,  as  in  reading,  is  about  eight 
inches.  But  the  proximity  of  the  near  point,  is  greater  in 
early  life,  and  afterwards  progressively  diminishes.  Thus,  at 
the  10th  year,  it  is  only  2^  of  an  inch  in  front  of  the  cornea ; 
at  each  succeeding  decennial  period,  its  distance  is  3§,  4J,  6^, 
12  and  24,  till  at  the  70th  year,  its  distance  from  the  front  of 
the  cornea  is  144  inches  (Fellenberg).  The  far  point  may  be 
said  to  have  no  limits.  Under  the  action  of  atropine,  the  near 
point  recedes,  and  gradually  reaches  the  iar  point.  The  Calabar 
bean  lessens  the  distance  of  the  far  point,  and  frequently  also 
that  of  the  near  point. 

In  certain  persons,  the  natural  range  of  adaptation  of  the  eye 
to  distance,  is  defective,  and  exceedingly  limited,  so  that  they 
are  imable  to  see  objects  except  at  certain  distances.  Such 
persons  are  either  short  or  long-sighted.  In  long  sight,  objects 
are  only  seen  distinctly  when  at  a  distance  from  the  eye ;  near 
objects,  if  small,  are  either  invisible,  or  else  only  confused 
images  of  them  are  perceptible.  In  short  sight,  on  the  other 
hand,  objects  at  a  moderate  distance  are  invisible  or  indis- 
tinct, the  power  of  distinct  vision  being  limited  to  objects 
brought  very  close  to  the  eye ;  at  the  same  time,  a  short- 
sighted person  sees  small  and  near  objects  vety  distinctly, 
better  illuminated,  and  under  larger  visual  angles,  and  tliere- 
fore  larger  and  brighter,  than  other  persons. 

These  abnormal  conditions  of  vision  arise  from  a  certain 
fundamental  excess  or  defect  in  the  refractive  power  of  the 
eye.  In  long  sight,  for  example,  the  cornea  is  flatter  than 
usual,  and  the  antero-posterior  diameter,  or  optic  axis,  of  the 
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eye  is  said  to  be  lengthened ;  the  rays  of  light  do  not  un- 
dergo sufficient  refraction,  but,  instead,  converge  to  a  focus 
behind  the  retina ;  by  the  use  of  convex  glasses,  the  conver- 
gence of  the  rays  is  increased,  and  they  are  brought  to  a 
focus  upon  the  retina.  In  short  sight,  the  convexity  of  the 
cornea  is  too  great,  so  that  the  rays  proceeding  from  an 
object,  instead  of  being  brought  to  a  focus  on  the  retina, 
intersect  each  other  at  a  point  in  front  of  that  membrane; 
the  antero-posterior  diameter  of  the  eye  is  also  probably 
shortened ;  this  defect  is  corrected  by  wearing  concave  spec- 
tacles, which  cause  divergence  of  the  rays,  so  that  the  over- 
convergent  effect  is  counteracted,  and  the  rays  are  brought  to 
a  focus  upon  the  retina.  It  is  probable  that  not  only  the  cur- 
vature of  the  cornea,  but  that  of  the  lens  also,  is  peculiar,  both 
in  long  and  short  sight.  In  both  conditions,  not  only  are  the 
images  thrown  on  the  retina,  indistinct,  but  luminous  circles 
of  dissipation  are  formed  upon  it.  Short-sighted  eyes  often 
improve  by  age,  the  cornea  being  said  then  to  become  flatter, 
owing  to  a  diminution  in  the  quantity  of  the  fluids  of  the 
eyes.  Normal  eyes,  from  the  same  cause,  may  become  long- 
sighted in  old  age. 

To  determine  with  accuracy,  the  focal  distance  of  the  eyes, 
various  instruments,  named  optameters^  have  been  invented. 
A  simple  plan,  devised  by  Scheiner,  is  to  make  two  holes 
with  a  needle  in  a  card,  the  distance  between  which  must  be 
less  than  that  between  the  two  pupils.     On  now  looking  at  a 
perpendicular   line,   through   these   holes,    the   line   appears 
double  if  the  eyes  be  too  close  to  it,  but  single  at  the  distance 
of  perfect  or  normal  vision,   which  distance  is  thus  ascer- 
tained for  any  particular  eyes.     It  is  desirable  in  the  selection 
of  glasses,   not  to  over-correct  the  natural    defect,   for  this 
would  fatigue,  and  weaken  the  eyes  still  more.    The  eyeglass, 
or  spectacles,  should  merely  render  objects  distinct,  but  not 
magnify  or  diminish  them.     Concave  glasses  are  numbered, 
according  to  the  distance  of  their  virtual  focus  from  them.  By 
multiplying  the  normal  distance  of  near  vision,  say  10  inches^ 
by  the  distance  of  clear  vision  in  the  short-sighted  person,  say 
4  inches,  and  dividing  the  product  by  the  difference  between 
those  two  factors,  the  number  of  the  concave  glass  required, 
is  found ;  thus,  10  x  4-i-6=6'6 ;  i.  e.  about  No.  7  glass.    The 
same  rule  obtains  in  the  choice  of  convex  glasses  for  long- 
sighted people.     In  the  normal  eye,  concave  glasses  diminish 
the  size  of  objects  looked  at  through  them,  because  they  diminish 
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ictual  size  of  the  retinal  image.  On  the  other  hand,  convex 
ies,  or  lenses,  including  both  simple  and  compound  micro- 
88,  increase  l^e  apparent  size  of  objects,  by  enlarging  their 
;es  on  the  retma ;  they,  in  fact,  enable  the  eye  to  see  such 
cts  under  larger  angles,  or  as  if  they  were  very  closely 
oximated  to  the  eye.  The  necessary  dilution  of  the  light, 
lis  process,  is  met  by  various  contrivances  for  powerful 
icial  illumination. 

distinction  has  been  drawn  between  short  and  long  sight, 
>  called  myopia  and  presbyopia^  on  the  one  hand,  and  near 
far  sight,  or  true  myopia  and  presbyopia^  on  the  other. 

former  states  depend,  as  we  have  seen,  on  individual 
iliarities  in  the  shape  of  the  eyeball  or  its  parts ;  for,  besides 
nally-constructed  eyes,  there  are  eyes,  the  natural  foci  of 
:h,  lie  either  in  front  of  the  retina,  helping  the  eye  in  near 
>n,  or  behind  the  retina,  adapting  it  for  distant  vision. 
1  causes  may  be  a  greater  or  less  prominence  of  the 
lea,  a  shorter  or  longer  optic  axis,  and  a  greater  or  less 
irature  of  the  lens.  Near  sight  and  far  sight,  depend  on 
icts  in  the  power  of  accommodation  of  the  eye ;  as,  for 
3iple,  on  loss  of  power  in  the  ciliary  muscle  and  iris,  or  on 
inution  of  the  elasticity  of  the  lens  or  its  suspensory 
ment,  both  of  which  conditions  are  found  in  advancing 
In  sliort  sight,  the  point  of  nearest  vision  may  be 
ti  as  close  as  two  inches  to  the  eye;  but  in  near  sight, 
rue  myopia,  the  near  point  may  be  12,  30,  or  even  more 
les  from  the  eye.  The  term  hypermetropia  has  been  used 
designate  the  condition  of  long  sight,  sometimes  named 
sbyopia,  which  latter  term  is  then  restricted  to  the  im- 
Tnent  of  vision,  as  regards  near  objects,  which  comes  on 
r  a  certain  period  of  life,  and  which  is  due  to  a  diminution 
he  range  of  the  power  of  accommodation  (Donders). 
n  many  individuals,  the  focal  lengths  of  the  two  eyes,  are 
erent,  a  fact,  which  escapes  attention,  imless  the  difference 
very  marked.  It  is  worthy  of  observation,  that  short- 
ited  eyes  are  still  achromatic,  objects  seen  indistinctly  by 
m,  being  without  coloured  fringes.  According  to  Ehren- 
g,  the  absolute  limits  of  vision,  are,  in  no  way,  dependent 
the  focal  distance  of  the  eyes,  and,  in  individuals  pos- 
ling  ordinary  visual  powers,  present  but  slight  differences, 
n  some  persons,  the  refractive  power  of  the   horizontal 

vertical  meridians  of  the  eye  is  unequal.  This  condition, 
:ch  is  not  uncommon,  is  known  as  astigmatism.     It  is  due 
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to  a  difference  in  the  degree  of  convexity  of  the  cornea  or 
crystalline  lens,  or  of  both  these  parts,  in  the  horizontal  and 
vertical  directions,  so  that  corresponding  rays  passing  into  the 
eye,  instead  of  converging  to  one  identical  point,  meet  at  two 
different  foci.  By  means  of  cylindrical  glasses,  this  imper- 
fection can  be  corrected. 

The  dilatation  and  contraction  of  the  pupil,  which  result 
fix)m  variations  of  light,  are  purely  reflex  phenomena.  The 
sensory  fibres  of  the  iris,  as  well  as  its  vasi-motor  fibres,  are 
derived  firom  the  fifth  cranial  nerve ;  irritation  of  either  the 
first  or  second  divisions  of  this  nerve,  causes  the  pupil  to  con- 
tract on  the  same  side. 

The  direct  effects  of  heat  and  light  on  the  iris,  in  dead 
animals,  have  been  noticed  by  Brown- S^uard.  If  the  eye  ot 
a  rabbit,  or  other  animal,  be  subjected,  diortly  after  dead),  to 
a  sudden  elevation  of  temperature  of  from  50°  to  60**,  the 
pupil,  if  previously  contracted,  dilates,  or,  if  dilated,  it  con- 
tracts ;  these  effects  are  explained  by  supposing  that  the  heat 
acts  more  powerfully  on  those  muscular  fibres  which  had 
previously  been  at  rest.  Light  causes  contraction  of  the 
pupil  in  Mammalia  and  Birds,  for  a  short  time  after  death ; 
but  in  eels  and  frogs,  the  iris  may  be  so  excited  even  sixteen 
days  after  !  Yellow  light  seems  to  act  the  most  powerfully. 
This  sort  of  contraction  can  be  induced  after  removal  of  the 
posterior  half  of  the  eyeball,  so  that  it  cannot  be  referred  to 
reflex  action. 

During  life,  the  diameter  of  the  pupil  diminishes  with  in- 
creasing light,  the  amount  of  contraction  being  proportionate 
to  the  strength  and  duration  of  the  luminous  impression.  A 
direct  light  acts  more  powerfully  than  a  slanting  light,  the 
sides  of  the  retina  being  apparently  less  excitable.  When 
the  two  pupils  are  under  the  influence  of  different  degrees  of 
light,  they  are  still  usually  of  equal  size,  unless  the  difference 
of  luminosity  be  very  great.  If  one  eye  only  be  acted  upon 
by  light,  both  pupils  contract,  the  one  not  exposed  to  the 
stimulus  rather  less  than  the  other.  Contraction  of  the  pupil 
takes  place  more  rapidly  than  dilatation ;  and  it  has  further 
been  noticed  that  the  movements  of  the  iris  are  quicker  than 
those  of  other  parts  composed  of  unstriped  muscular  fibres. 
Excessive  dilatation  of  the  pupil  is  named  mydriasiSy  and  ex- 
cessive contraction,  myosis. 

The  chief  object  of  these  changes  in  the  size  of  the  pupil, 
is  to  regulate  the  quantity  of  light  admitted  to  the  eye,  and 
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to  protect  it  against  too  dazzling  luminous  rajs ;  they  also, 
in  this  way,  determine  the  brightness  of  the  retinal  images, 
which  become  brighter  as  the  pupil  dilates,  though  they  may 
be  then  less  defined  or  distinct 

As  already  mentioned,  during  near  vision  a  consentaneous 
contraction  of  the  pupil  occurs.  It  has  been  noticed,  indeed, 
that  the  pupils  also  contract  when  the  eyes  are  made  to  con- 
verge, and,  as  this  convergence  always  accompanies  the  act  of 
looking  at  near  objects  after  distant  ones,  this  likewise  aids  in 
inducing  the  contraction  of  the  pupils  necessary  for  near 
vision.  It  is  through  the  oculo-motor  nerve,  which  supplies 
the  sphincter  of  the  pupil  as  well  as  the  internal  recti  muscles, 
that  this  consentaneous  harrowing  of  tlie  pupil  is  excited.  But 
the  one  movement  is  independent  of  the  other,  because  the 
contraction  of  the  iris,  and  the  accommodation  movements, 
occur  equally  well,  when  one  eye  only  is  used ;  and,  by  some 
persons,  the  eye  can  be  accommodated  without  any  change  in 
the  degree  of  convergence.  Lastly,  certain  cases  have  been 
recorded,  in  which  the  movements  of  the  iris  were,  in-  some 
manner,  perhaps  indirectly,  under  the  control  of  the  will. 

The  movements  of  the  ciliary  muscle,  like  those  of  the  iris, 
with  which  they  appear  to  be  consentaneous,  are  usually  in- 
voluntary; they  are  probably,  however,  sometimes  inde- 
pendent of  each  other.  The  nerves  which  regulate  the  action 
of  the  ciliary  muscles,  are  sui)po8ed  to  be  branches  of  the 
third  pair,  but  this  is  uncertain.  In  some  exceptional  cases, 
the  ciliary  muscle  has  exhibited  an  apparent  subjection  to  the 
control  of  the  will. 

The  nervous  centres  concerned,  are  the  anterior  pair  of  the 
corpora  quadrigemina;  the  afferent  nerves  are  the  optic  nerves; 
and  the  efferent  nerves  are  the  third  cranial,  and  the  sympa- 
thetic. The  dilatation  of  the  pupil  is  regulated  by  nervous 
influence,  conveyed  from  the  spinal  cord,  through  the  branches 
of  the  sympathetic  nerve,  which  supply  the  radiating  fibres, 
division  of  that  nerve  in  the  neck  b«ing  followed  by  contrac- 
tion of  the  pupil,  and  its  irritation  by  dilatation.  The  con- 
traction of  the  pupil  is  governed  by  the  circular  fibres,  and  is 
regulated  through  the  third  cranial  nerve  alone.  Irritation  of 
the  latter  nerve  causes  narrowing,  whilst  its  division  is  fol- 
lowed by  dilatation  of  the  pupil.  The  diameter  of  the  pupil 
at  any  particular  moment,  however,  depends  on  certain  com- 
binations of  action  of  its  radial  and  circular  fibres.  Its  state  of 
complete  repose,  or  quiescent  condition,  as,  for  example^  wkevs. 
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no  light  is  present,  or  the  optic  nerves  are  diseased  or  in- 
active, is  that  of  moderate  dilatation.  Afler  division  of  the 
optic  nerve,  in  an  experiment,  the  same  result  is  noticed ;  if 
then,  the  third  cranial,  or  oculo-motor,  nerve,  which  supplies 
the  circular  fibres,  be  divided,  the  pupil  does  not  widen ;  but 
if  the  sympathetic,  which  supplies  the  radial  fibres,  be  now  cut, 
the  pupU  slightly  contracts.  From  this  it  would  seem,  that 
in  moderate  contraction,  only  the  radial  fibres  are  really 
active. 

Of  the  different  portions  of  the  retina,  the  fovea  centralis, 
which  is  situated  in  the  line  of  direct  vision,  is  the  part  most 
sensitive  to  light,  and  is  the  seat  or  area  of  distinct  vision,  both 
as  regards  form  and  colour.  At  the  point  of  entrance  of  the 
optic  nerve,  the  optic  colliculus,  or  optic  eminence,  which  is 
not  in  the  lin€  of  most  perfect  vision,  the  retina  is  incapable 
of  receiving  distinct  visual  impressions.  It  has  indeed  been 
named  the  blind  spot     If  two  small  dots  be  made  upon  a 


piece  of  paper,  at  a  nhort  distance  from  each  other,  and  the 
optic  axis  of  the  right  eye  be  directed  vertically  upon  the 
lefl-hand  dot,  whilst  the  lefl  eye  is  closed,  it  will  be 
found,  that  when  the  paper  is  held  about  four  times  as  far 
from  the  eye  as  the  dots  are  from  each  other,  the  right- 
hand  dot  will  be  no  longer  visible,  for  its  image  falls  upon 
the  optic  eminence.  In  the  same  manner,  when  the  image  of 
an  object  is  made,  by  artificial  means,  to  fall  simultaneously 
upon  both  optic  eminences,  no  visual  impressions  are  excited 
by  it.  Since  this  portion  of  the  retina,  which  is  thus  de- 
ficient in  sensibility  to  light,  consists  only  of  the  diverging 
fibres  of  the  optic  nerve,  all  the  other  elements  of  the  retina 
being  absent,  whilst  that  portion  of  the  retina  most  sensitive 
to  light,  viz.  the  fovea  centralis,  is  destitute  of  all  the  retinal 
elements,  except  the  cones  and  grey  ganglionic  nerve  vesicles, 
it  would  seem  that  the  optic  nerve  fibres  are  excited  only  by 
the  changes  induced  by  luminous  rays  in  some  other  retinal 
stnictures,  and  are  themselves  only  indirectly  excitable  by 
light.  The  rods  and  cones  alone  appear  to  be  the  proper 
recipient  organs.  The  yellow  spot,  the  part  most  sensitive 
to  light,  contains  closely-packed  cones  and  ganglionic  cells, 
but  is  destitute  of  nerve  fibres ;  whilst  at  the  sides  and  an- 
terior parts  of  the  retina,  the  rods  become  less  numerous,  and 
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the  sensibility  to  light  is  diminished.  Moreover,  exposure  of 
the  optic  nerve  itself  to  the  strongest  light,  gives  rise  to  no 
luminous  sensations,  and  excites  no  reflex  contractions  of  the 
iris;  besides  this,  in  the  eyes  of  insects,  as  we  shall  hereafter 
describe,  the  rods  and  cones  only  are  exposed  to  the  action 
of  light,  the  optic  nerve  fibres  being  covered  by  pigment. 
The  rods  and  cones,  or  perhaps  even  their  outer  and  more 
highly  refractive  segments  only,  may,  indeed,  be  regarded  as 
the  parts  which  receive  the  undulatory  movements  of  the 
luminiferous  ether,  and  modify,  or  translate  them,  into  nervous 
energy  or  force,  which  then  manifests  itself,  by  propagation 
along  certain  of  the  radial  nuclear  fibres  to  the  ganglionic 
nerve  cells,  thence  to  the  plexiform  fibres  of  the  retina, 
through  tliese  to  the  optic  nerves  and  tracts,  and  finally  to 
the  optic  sensorial  centres. 

It  may  here  be  remarked,  that,  whilst  the  parallel  cochlear 
elements,  the  rods  of  Corti,  receive  the  sonorous  impulses  at 
right  angles  to  their  own  direction,  the  parallel  retinal  elements, 
the  rods  and  cones,  receive  the  luminous  rays  in  lines  corre- 
sponding with  their  own  direction.  This  difference  may  be 
connected  with  the  condition,  already  adverted  to,  viz.  that 
the  8upj>osed  movements  of  the  luminiferous  ether  are  trans- 
verse to  the  direction  of  the  imaginary  lines  called  rays,  whilst, 
as  is  well  known,  the  movements  which  produce  sound,  take 
place  in  the  direction  of  the  sonorous  rays.  In  both  the  ear 
and  tlie  eye,  therefore,  the  microscopic  recipient  organs,  con- 
nected with  the  extremities  of  the  nerves,  are  so  arranged,  that 
their  proper  exciting  motions  do  not  pass  inoperatively  between 
them,  but  agitate  them  transversely. 

In  the  retina  of  Man  and  of  the  Vertebrata,  all  the  light 
must  pass  through  the  nerve  fibres,  ganglionic  cells,  and 
blood-vessels,  and  also  through  the  granular  layer,  before  it 
reaches  the  rods  and  cones,  or  true  excitable  elements.  The 
existence  of  these  last-named  structures  appears  indispensable 
to  distinct  vision  ;  their  outer  free  ends  form  a  mosaic  surface, 
on  which  local  points  of  light  fell  evenly,  and  thus  excite  the 
sensation  of  a  uniform  visual  field,  having  definite  points  of 
localitf/,  which  would  be  impossible  if  the  light  directly  stimu- 
lated the  plexiform  nerve  fibres ;  for,  in  that  case,  the  same 
fibre  would  receive  numerous  luminous  impressions  along  suc- 
cessive points  of  its  course,  and  so  would  be  excited,  without 
an  exact  localisation  of  the  sensory  impressions.  The  position 
of  the  rods  and  cones  perpendicularly,  or  nearly  so-,  to  the 
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retinal  Rurfece,  evidently  adapts  them  for  the  distinct  reception 
of  local  points  of  light,  for  which  purpose  the  lateral  foir&ces 
of  the  linearly-expanded  optic  fibres  are  ill  suited.  Beyond 
the  rods  and  cones,  is  placed  the  dark  choroid  coat,  the  pig- 
ment of  which  is  supposed  incessantly  to  absorb  the  light 
which  passes  through,  so  as  to  prevent  confusion  from  succes- 
sive impressions.  In  Albinos,  in  whom  this  black  pigment  is 
wanting,  vision  is  imperfect,  especiaUy  in  strong  lights,  which 
may  even  cause  pain. 

The  existence  of  the  so-called  blind  spot  in  the  retina,  does 
not  produce  any  obvious  defect  of  vision,  when  both  eyes  are 
used,  because  the  image  of  an  object  falling  on  the  optic  emi- 
nence of  one  eye,  naturally  falls  elsewhere,  and  on  a  sensitive 
part  of  the  retina,  in  the  other  eye ;  and  so  the  blank  in  vision 
is  filled.  In  the  use  of  one  eye,  the  defect  is  partly  remedied  by 
the  phenomenon  known  as  irradiation,  hereafter  to  be  ex- 
plained, and  partly  by  our  experience  and  knowledge  of  the 
actual  forms  of  objects ;  furthermore,  any  impairment  of  sight, 
dependent  on  the  existence  of  the  blind  spot,  occurs  beyond 
the  area  of  distinct  vision,  and  therefore  attracts  less 
attention  than  it  would  otherwise  do,  and  is  more  easily  cor- 
rected by  experience,  or  by  the  effects  of  irradiation.  If  the 
fibres  of  the  optic  nerve,  at  the  blind  spot,  were  directly  sensi- 
tive to  light,  then  they  would  receive  at  least  two  impres- 
sions— one  from  their  retinal  extremities,  and  the  other 
from  the  light  falling  on  the  optic  eminence ;  such  a  condition 
would  lead  to  confused  vision. 

MUller  and  other  physiologists,  however,  have  denied  that 
the  retina  at  the  point  of  entrance  of  the  optic  nerve  is  wholly 
insensible  to  light.  They  believe  that  the  excitability  of  the 
i-etina  is  there  peculiarly  diminished,  but  that  it  exhibits,  in  a 
marked  degree,  the  phenomenon  of  irradiation.  The  vanishing 
of  the  dark  image  of  the  dot,  in  the  experiment  above  men- 
tioned, was  referred  by  Miiller,  to  a  power,  in  the  retina,  of 
communicating  to  a  smaller  portion,  a  condition  affecting  a 
larger  part.  Thus,  when  the  retina  is  exposed  to  two  different 
impressions,  one  of  which  falls  upon  a  larger,  the  other  upon  a 
smaller,  portion  of  the  membrane,  the  former  impression  is, 
ailer  a  time,  propagated  to  the  whole  of  the  surface,  whilst  the 
latter  is  no  longer  perceptible.  If,  for  example,  one  eye  be 
directed,  for  a  certain  time,  upon  a  narrow  slip  of  coloured 
paper,  fixed  upon  a  white  ground, — afler  a  brief  interval,  the 
image  of  the  former  vanishes,  the  white  ground  alone  b<»ing 
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visible ;  this  is  most  marked,  when  the  lateral  portions  of  the 
retina  receive  the  image  (Purkinje  and  Brewster). 

In  the  exercise  of  the  senses  of  touch,  taste,  and  smell,  we 
refer  the  sensations  excited,  to  the  organ,  or  part,  of  the  body 
where  the  stimulus  acts  on  the  extremities  of  the  nerves;  but,  as 
in  hearing,  so  in  sight,  the  sensations  are  rapidly  converted  into 
perceptions,  and  are  referred,  though  far  more  definitely,  alto- 
gether to  the  exterior,  and,  in  the  exercise  of  sight,  actually  to 
the  external  objects  from  which  the  rays  of  light  are  given  off. 
The  images  formed  on  the  retina,  are  never  referred  by  the 
mind,  to  the  interior  of  the  eye,  where  their  existence  is  not 
known  to  the  imtaught  mind,  and  where,  even  when  informed 
of  the  fact,  the  mind  is  still  unconscious  of  their  presence. 

This  outward  projection  oi  o\xr  visual  sensations,  is,  by  some, 
regarded  as  an  ultimate  fact  incapable  of  explanation;  but 
others  believe  that  it  depends  upon  experience,  gained  by 
comparing  the  results  of  vision,  as  regards  our  own  bodies 
and  external  objects,  with  the  concomitant  results  afforded 
by  the  sense  of  touch,  aided  by  movements  of  the  body. 
Vision,  considered  as  a  means  of  obtaining  a  knowledge  of 
the  presence,  form,  colour,  position,  and  motion,  of  external 
objects,  is  wholly  dependent  upon  this  outward  projection  of 
its  impressions.  Even  in  excitement  of  the  retina  by  pressure, 
electric  shocks,  or  internal  stimuli,  the  luminous  impressions 
produced,  are  referred  to  the  exterior. 

The  perception  of  objects  in  their  erect  position,  through  the 
agency  of  an  inverted  image,  is  intimately  connected  widi  this 
outward  projection  of  vision.  The  mind,  in  referring  the 
luminous  impressions  in  the  sensorium,  to  the  objects  whence 
the  rays  of  light  proceed,  follows  these  latter,  as  it  were,  from 
the  retinal  image,  and  views  their  several  focal  points  in  the 
direction  of  certain  imaginary  lines,  which  are  more  or  l^ss 
nearly  perpendicular  to  the  retinal  surface.  It  has  been  shown 
by  Serre,  in  his  experiments  on  the  luminous  spectra,  pro- 
duced by  pressure  on  the  eyeball,  and  called  by  him  phosphenes, 
that  visual  impressions  are  projected  from  the  retina,  along 
certiiin  lines,  towards  a  common  centre  in  the  eyeball,  or  optic 
centre,  which  he  calls  the  centre  of  direction,  and  which  he 
locates  in  the  middle  of  the  crystalline  lens.  Others,  however, 
have  variously  supposed  that  these  lines,  which  they  name  lines 
of  direction,  meet  in  front  of  the  lens,  in  the  centre  of  the  pupil, 
or,  behind  it,  in  the  centre  of  the  eyeball.   Having  crossed  each 
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Other  at  the  optic  centre,  these  lines  emerge  from  the  refrac- 
ting media  of  the  eye,  suffer  a  slight  change  in  their  course, 
pass  outwards  to  the  object,  and  correspond  with  the  direction 
in  which  the  central  ray  of  each  luminous  pencil  (fig.  83.) 
reaches  the  eye,  as  it  proceeds  from  the  object  to  the  retina. 
In  applying  this  theory  to  the  explanation  of  the  problem  of 
erect  vision  from  an  inverted  image,  it  is  supposed  that  every 
point  of  the  object  (of  the  arrow,  for  example)  being  seen 
along  these  lines  of  visual  direction,  appears  to  the  mind  in 
its  true  position  in  space,  and  that  hence  the  entire  object 
is  perceived  erect.  According  to  MuUer,  however,  images  of 
objects  formed  on  the  retina,  may  really  be  perceived  by  the 
mind  in  their  inverted  position,  but  as  all  objects,  including 
the  body  and  limbs  themselves,  are  thus  seen  inverted,  their 
relation  to  each  other  remains  imaltered,  and  we  should  be 
ignorant  of  this  inversion,  were  we  imacquainted  with ''the 
laws  of  optics.  Some  have  supposed  that  the  sense  of  touch 
corrects  a  primitive  error  of  ocular  observation,  or  of  percep- 
tion, in  the  infant ;  but  to  this  it  may  be  replied,  that  the  one 
sense  is  always  in  harmony  with  the  other,  the  image  of  the 
hand  being  inverted,  and  thrown  upon  the  same  part  of  the 
retina,  as  the  image  of  the  object  to  which  it  is  directed.  More- 
over, it  is  obvious  that  the  general  sense  of  locality  or  position 
of  the  body,  gives  rise  to  the  notions  and  terms,  upper  and 
lower,  above  and  below,  right  and  left,  and  so  we  regard 
things  as  erect  or  inverted,  according  to  their  position  in  rela- 
tion to  that  of  our  own  body.  In  this  way  also,  we  know  that 
to  look  at  something  above  us,  we  must  turn  our  head  or  eyes 
upwards,  and  such  a  movement,  not  the  position  of  the  retinal 
image,  which  is  unknown  to  us,  determines  our  notion  or 
judgment  of  the  position  in  space,  in  which  the  object  lies  as 
regards  our  body. 

The  area  of  outward  visual  projection,  is  named  xhejield  of 
tu'ston]  its  horizontal  and  vertical  measurements  have  been 
differently  estimated  at  from  116®  to  120'*  and  from  130'' 
to  180°  of  a  circle  respectively.  Its  greater  horizontal 
diameter,  is  owing  to  the  two  eyes  being  concerned  in  its  pro- 
duction. The  horizontal  diameter  is  not  constant,  but  dimin- 
ishes in  convergence  of  the  two  eyes.  Lines,  drawn  from  die 
upper  and  lower,  and  from  the  lateral  boundaries  of  this  area, 
to  the  optic  centre  of  the  eye,  form  angles  at  that  point ;  when 
prolonged  backwards  to  the  retina,  they  also  form  similar  angles. 
These  are  the  o^\.\<i  ox  xjuuai  angles  of  the  field  of  vision. 
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The  only  part  of  the  field  in  which  vision  is  perfectly  dis- 
tinct, is  a  small  surface,  the  centre  of  which  corresponds  with 
the  hinder  end  of  a  line  drawn  from  the  yellow  spot  to  the 
centre  of  the  cornea,  i.e.  along  the  visual,  or  optic  axis  of  the 
eye.  The  area  of  the  retinal  surface  which  is  best  fitted  for 
distinct  vision,  is  about  ^  or  ^  of  a  line  in  diameter ;  this  cor- 
responds with  the  breadth  of  the  yellow  spot.  Around  this,  is 
a  small  circular  portion  of  the  retina,  known  as  the  circle  of 
indirect  vision,  and,  beyond  that  area,  vision  becomes  less 
distinct,  in  proportion  to  the  distance  of  the  retinal  image  from 
it.  The  circle  of  indirect  vision  is  said  to  be  increased  during 
near  vision.  We  can  see  distinctly,  at  one  time,  about  six  or 
eight  letters  of  ordinary  type ;  but  ihe  lines  immediately  above 
and  below,  are  indistinct.  Objects,  the  images  of  which  are 
situated  at  an  angle  of  50°  or  60°  from  the  axis  of  vision,  are 
seen  only  in  their  general  outline,  while  smaller  and  darker 
objects  may  be  invisible.  The  actual  images  on  the  retina 
are,  however,  equally  clear  at  all  parts  of  that  membrane,  and 
hence  the  diminution  in  the  distinctness  of  vision,  must  pro- 
ceed from  deficient  receptivity  of  its  lateral  parts.  This  is 
observable  in  regard  to  colour  as  well  as  form.  It  is  said 
that  the  retinal  sensibility  diminishes  more  quickly  in  the 
upward  and  downward  direction,  than  lateraUy.  The  exist- 
ence of  a  limited  area  in  the  retina,  specially  set  apart  for 
distinct  vision,  enables  us  to  concentrate  our  attention  upon 
special  objects  in  the  visual  field,  undisturbed  by  the  simul- 
taneous images  of  surrounding  objects.  Moreover,  by  this 
arrangement  alone,  we  are  able  to  direct  the  optic  axes  of  the 
eyes  in  exact  and  knonsTi  directions,  so  as  to  gain  a  knowledge 
of  the  direction  or  position  of  visible  objects,  and,  further,  to 
adjust  the  axes  of  the  two  eyes,  so  that  they  sliall  meet  in  any 
given  object,  a  condition  essential,  as  will  be  presently  ex- 
plained, for  the  occurrence  of  single  vision  with  two  eyes. 

The  adjustment  of  the  optic  axes  upon  any  object,  is  accom- 
plished by  the  movements  of  the  body  and  head,  and  espe- 
cially by  those  of  the  eyeballs  themselves,  which  are  very 
rapid,  singularly  free,  and  perfectly  under  the  control  of  the 
will,  the  globe  of  the  eye  turning,  like  a  sphere,  upon  its  poles 
or  axes,  as  it  rests,  in  its  capsule,  on  its  smooth  cushion  of  fat. 
By  means  of  the  complex  movements  of  the  two  eyeballs, 
already  described  (p.  535),  the  field  of  vision  of  each  eye,  and 
that  of  the  two  combined,  is  perfectly  under  our  command,  so 
that  the  optic  axes  can  be  made  to  converge,  with  the  ixl<»x 
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extreme  accuracy,  upon  the  smallest  object  which  we  can  see 
distinctly.     This  is  effected  voluntarily,  not,  however,  as  a 
simple  direct  act  of  the  will  upon  the  ocular  movements,  but 
only  indirectly,  by  the  mind  seeking,  through  the  eyes,  the 
desired  attainment  of  the  distinct  vision  of  any  given  object 
The  mind,  however,  is  cognisant,  through  the  muscular  sen- 
sations, that  the  desired  act  is  performed,  and  that  the  position 
of  the  eye  is  duly  adjusted.     The  combination  of  liarmonious 
movements  of  the  two  eyes,  is  beyond  our  direct  control,  and 
is  perhaps  provided  for  by  a  commissural,  or  other,  disposition 
of  the  governing  nerve-fibres  of  both  eyes,  in  the  oculo-motor 
nervous  centres.      As  already  mentioned,   the   direction  of 
objects  is  referred  to  their  correspondence  with,  or  deviation 
from,  the  position  of  the  optic  axes ;  and  every  retinal  im- 
pression is  referred  to  its  proper  line  of  direction  in  the  outer 
world.      The  position   of  these  axes,  is  known   to   us  very 
accurately,  by  means  of  impressions,  conveyed  through  the 
muscular  sense,  of  the  condition  of  the  several  muscles  of 
the  eyeball.     The  notion  of  the  direction  of  objects,  is  there- 
fore not  a  simple  sensation,   but  the  result  of  a  judgment, 
formed  by  the  mind,  from  certain  impressions  conveyed  to  it. 
The  apparent  magnitude  of  an  object,  is  determined  hy  the 
size  of  its  retinal  image,  in  other  words,  by  the  size  of  its 
visual  angles,  or  angles  formed  in  the  eye,  by  lines  drawn  from 
its  extremities  or  margins  through  the  optic  centre  of  the  eye. 
When  the  visual  angle  of  an  object  is  kno^v^l,  the  object  is 
said  to  subtend  such  an  angle.     The  apparent  magnitude  of  an 
object,  is  influenced  by  its  distance  from  the  eye,  for  the  angle 
it  subtends  must,  of  course,  be  larger,  the  closer  its  proximity 
to  the  eye.     The  apparent  magnitudes  of  a  small  object,  close 
to  the  eye,  and  of  a  large  object  at  a  distance,  such  as  a  pin  and 
a  man,  are  identical,  if  they  subtend  equal  angles.  The  d^^ee  of 
movement  of  the  eyeballs,  required  to  pass  from  one  end  of  an 
object  to  the  other,  is  also  a  further  means  of  determining 
apparent  magnitudes.     The  sense  of  magnitude  is  more  exact 
in  regard  to  horizontal  than  to  perpendicular  lines.     It  is  said 
to  be  possible  to  distinguish  between  two  lines  of   different 
lengths,  even  after  certain  intervals  of  time,  for  example,  to 
the  extent  of  a  difference  of  ^\yth  after  the  lapse  of  3  seconds, 
and  of  -i\th  after  70  seconds.     The  accordance  of  the  senses  of 
sight  and  touch,  as  regards  the  information  which  they  re- 
spectively afford,  concerning  the  size  of  objects,  seems  to  be 
the  result  of  experience  and  comparison ;  for  a  person  born 
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blind,  who  gained  sight  by  an  operation,  has  been  said  to 
state  that  objects  known  to  him  by  touch,  appeared  larger 
than  he  expected. 

Our  knowledge  of  the  real  magnitude,  or  absolute  size,  of 
objects,  is  only  arrived  at  indirectly,  and  by  means  of  expe- 
rience and  inference,  by  comparing  them  with  objects,  with  the 
dimensions  of  which  we  are  already  familiar,  and  by  taking 
into  account  their  respective  distances. 

In  the  same  manner,  our  visual  sensations  inform  us  only 
of  the  apparent  or  superficial  shape  and  colour  of  objects,  of 
tlieir  apparent  direction  or  position  in  the  field  of  vision, 
and  of  their  apparent  motion  in  the  same.  All  our  conclu- 
sions as  to  their  real  form,  colour,  position,  and  motion,  are 
arrived  at  by  observation  and  comparison  of  these  appear- 
ances. For  the  determination  of  the  apparent  qiialities 
of  any  object,  and  also  of  its  real  size  and  colour,  one  eye 
alone  suflSces;  but  for  the  purpose  of  ascertaining  by  means 
of  the  sight  alone,  its  real  form,  real  position,  and  real 
motion,  the  conjoined  use  of  both  eyes  affords  material  as- 
sistiuice.  In  this  constant  mode  of  employing  the  two  eyes, 
their  distance  from  eacli  other,  named  the  inter-ocular  distance, 
is  of  the  highest  optical  importance. 

We  derive  our  notions  of  the  solidity,  roundness,  or  relief, 
of  objects,  from  the  combined  use  of  the  two  eyes;  for  when 
one  eye  alone  is  employed,  we  can  only  see  plane  figures 
having  two  dimensions,  viz.  length  and  breadth.  For  the 
perception  of  solid  forms  of  three  dimensions,  viz.  length, 
breadth,  and  thickness,  within  a  moderate  distance,  the  optic 
axes  of  the  two  eyes  are  made  to  converge,  so  that  straight 
lines  prolonged  from  them,  would  meet  in  the  object. 

As  a  rule,  an  external  object  forms  but  a  single  image  in 
one  eye,  and  the  mind,  perceiving  such  single  image,  refers 
it  to  a  single  object.  But  there  are  conditions,  in  which  one 
eye  may  receive  two  or  more  identical  images,  from,  and  of, 
one  external  object,  and  then,  unless  the  mind  be  otherwise 
informed  of  the  illusion,  such  images  are  referred  by  it  to  as 
many  distinct,  though  exactly  similar,  objects.  For  example, 
if  we  look  with  one  eye  at  a  pin  through  two  minute  holes  in 
a  card,  the  distance  between  which  is  less  than  the  diameter  of 
the  pupil,  the  same  retina  receives,  on  different  parts  of  its  sur- 
face, two  separate  images  of  the  pin,  which,  accordingly,  being 
outwardly  projected  along  the  proper  lines  of  direction,  are  seen 
double,  though  we  know  the  pin  to  be  single.     So,  likewia^^vc^ 
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(lentical  spots,  is  thought  to  be  proved  by  the  following  ex- 
)erinients.  If  pressure  be  made,  in  the  dark,  or  when  the 
yelidrt  are  closed,  upon  the  upper  portion  of  botli  eyeballs, 
t  single  luminous  circle,  named  a  plwsphene  (Serre),  is  per- 
ceived in  the  centre  of  the  field  of  vision  below.  If  the  lower 
Mirt  of  both  eyebalLs'be  pressed  upon,  a  single  luminous  circle 
8  perceived  in  the  centre  of  the  field  of  vision  al>ove.  Hence 
he  upper  portions  and  the  lower  portions  of  the  two  retina, 
Te  regarded,  respectively,  as  identiciil.  Pressure  upon  the 
nner  side  of  one  eyeball  and  the  outer  side  of  the  other,  pro- 
luces  a  single  circle  of  light,  in  a  direction  opposite  to  that  of 
he  pressure ;  hence  the  inner  side  of  one  retina  is  said  to 
lorrespond  with  the  outer  side  of  the  other.  But  if  pressure 
)e  made  upon  the  \ipper  part  of  one  eyeball,  and  the  lower 
)art  of  the  other,  two  luminous  circles  are  seen,  one  above, 
he  otlier  below  ;  in  the  same  manner,  pressure  upon  the  inner 
ides  of  the  two  eyes,  produces  two  circles,  and  so  also  does 
pressure  upon  the  outer  sides.  The  upi)er  part  of  one  retina 
,nd  the  lower  part  of  the  other,  their  inner  sides  and  their 
»uter  sides,  are  said  therefore  not  to  be  identical.  Speaking 
generally,  those  parts  of  the  two  retinaj  are  identical  which 
;orresj)ond  in  situation,  in  reference  to  the  centre  of  the  eye ; 
hua,  the  ui)per  portions,  the  lower  portions,  the  right  sides 
.nd  the  left  sides,  corresponding  in  this  relative  ^wsition,  are 
dentical  in  sensation.  Hence,  it  has  been  said  that  all  points 
»f  the  two  retina?,  situated  at  equal  distances  from  their  centres, 
,nd  lying  in  the  same  direction,  are  identical  in  sensaticm, 
.nd,  when  simultancDUsly  excited  to  action,  give  rise  to  the 
Kjrception  of  one  object.  That  a  general  identity  of  action,  or 
unction,  of  certain  parts  of  the  two  retina;,  exists,  is  sufficiently 
•bvious ;  but  that  it  does  not  afford  the  ultimate  explanation 
•f  the  combination  of  the  two  images,  is  shown  by  the  fact 
hat,  in  8tereoscoi)ic  vision,  as  we  shall  presently  explain,  the 
wo  perspective  views  of  a  given  solid  object,  which  are  neces- 
arily  dissimilar,  or  they  would  not  yield  a  stereoscopic  effect, 
annot  cover  exactly  identical  parts  of  the  two  retina?,  and 
et  they  are  combined  into  one  image  or  impression.  Again, 
mages  formed  on  corre8j)onding  points  of  the  two  retinae,  are 
ometimes  not  combincKi,  but  are  seen  double  in  the  visual 
ield,  as  when  we  look  at  one  of  two  objects  placed  exactly  in 
ront  of  us,  between  the  eyes,  the  images  of  the  one  which  in 
een  double  falling  nevertheless  on  exactly  identical  points  of  the 
wo  retinae.     The  same  is  the  case,  when  we  look  at  one  object 
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with  both  eyes,  but  through  different  coloured  pieces  of  glass. 
Diagram  K. 


It  has  been  shovm  by  Helmholz,  that,  in  double  vision,  it 
is  not  actually  vertical  meridian  lines  on  the  retina;  which 
correspond,  or  are  identical,  but  other  lines  inclined  about  1  J** 
from  the  meridian,  which  he  calls  apparently/  vertical  meri- 
dian lines.  The  horizontal  corresponding  lines  are,  on  the  con- 
trary, actually  horizontal.  If,  for  example,  as  in  Diagram  K,  A, 
across  a  horizontal  line,  another  be  drawn,  accurately  perpen- 
dicular to  it,  the  right  upper  included  angle  appears  hurger 
than  a  right  angle  to  the  right  eye,  and  less  than  a  right  angle 
to  the  left  eye ;  the  lower  angles  are  altered  in  the  reverse 
manner.  Again,  if  two  figures  be  drawn,  having  similar  hori- 
zontal lines,  but  crossed  by  vertical  lines  inclined  at  their 
upper  ends,  A^^  left  and  right,  from  a  central  perpendicular, 
then,  when  the  left-hand  figure  (Diagram  K,  b)  is  looked  at 
with  the  left  eye  only,  the  angles  formed  by  the  vertical  and 
horizontal  lines  appear  to  be  right  angles ;  but,  when  looked 
at  with  the  right  eye  only,  they  appear  to  deviate  from  right 
angles,  and  vice  versd  with  the  opposite  figure.  Two  such 
figures,  however,  combine  stereoscopically,  and  then  make 
an  impression  on  the  mind,  of  a  figure  composed  of  perfect 
squares.  In  the  act  of  adjustment  necessary  for  this,  not  only 
must  the  eyes  be  made  to  converge,  by  being  rotated  on  their 
vertical  axes  by  the  internal  recti  muscles,  but  the  oblique 
muscles  must  slightly  rotate  the  balls  of  the  eyes  on  their 
ant^ro-posterior,  or  visual,  axes  (see  p.  534). 

That  the  convergence  of  both  optic  axes  at  a  given  object, 
is  essential  for  single  vixion,  is  proved  by  the  following  curious 
experiment.  If  two  small  balls  be  placed  near  the  further  ends 
of  two  tubes,  it  will  be  found,  on  looking  through  the  tubes  with 
both  eyes,  that  when  the  balls  are  brought  nearer  to  tlie  eyes, 
and  these  latter  are  made  to  converge,  the  two  eyes  receive 
the  impression  of  a  single  ball.  Each  eye  realises  its  own 
image  of  one  of  iVi^  two  balls ;  but  the  mind  is  conscious  that 
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each  image  occupies  a  certain  point  in  space,  and  these  points 
being  felt^  through  the  muscular  sense  of  the  convergence,  to 
coincide,  we  judge  that  one  body  only  can  occupy  the  same 
point  of  space  at  one  time.  From  this  experiment,  it  would 
seem,  that  single  vision  with  the  two  eyes  is  not  a  simple 
sensation,  but  the  result  of  experience,  or  of  judgment,  from 
facts  presented  to  the  visual  and  muscular  senses. 

Such  being  the  conditions  as  to  the  position  of  the  two 
eyeballs,  necessary  to  single  vision,  various  theories  have 
been  advanced,  to  account  for  the  actual  combination  by 
the  mind^  of  the  two  images.  By  some,  this  is  thought  to 
be  dependent  on  a  fixed  structural  condition,  such  as  a 
peculiar  arrangement  of  the  fibres  of  the  optic  nerves,  which 
decussate  at  tlie  optic  commissure,  and  are  supposed  thus 
to  bring  certain  parts  of  the  two  retinae  into  identical  or  corre- 
sponding relations,  as  regards  the  sensorium.  The  right  halves 
of  the  two  retina*,  are  supposed  to  be  connected,  by  the  fibres 
of  the  two  optic  nerves,  with  the  right  optic  sensorial  nervous 
centres,  and  the  left  halves  of  the  retime,  in  like  manner,  with 
the  left  optic  centres,  this  arrangement  being  effected  by  a  sup- 
posed semi-decussation  of  the  fibres  of  each  optic  nerve.  If 
such  an  arrangement  existed,  each  optic  sensorial  centre  would 
obviously  receive  impressions  belonging  only  to  the  same  side 
of  the  field  of  vision.  It  is  probable,  however,  that  the  decus- 
sation of  the  fibres  of  the  optic  nerves,  is  not  thus  partial,  but 
almost,  if  not  quite,  complete ;  for  amaurosis  of  one  eye,  or 
section,  in  animals,  of  one  optic  nerve,  is  followed  by  wither- 
ing of  the  opposite  optic  tract  only.  Moreover,  in  any  case, 
the  sensorial  impressions,  being  received  by  separate  bilateral 
optic  nervous  centres,  are,  of  course,  themselves  bilateral  or 
double,  and  the  necessity  of  explaining  their  subsequent  com- 
bination by  the  mind,  still  remains. 

The  actual  combination  of  the  two  impressions,  like  the 
combination  of  those  of  hearing,  smell,  and  taste,  must,  how- 
ever, be  the  result  of  some  mental  operation,  either  intuitive, 
experimental,  or  rational.  There  is  no  doubt  that  the  con- 
vergence of  the  two  eyes  to  a  fixed  point  in  the  object,  is  a 
necessary  condition  of  seeing  it  single ;  and  of  this  converg- 
ence, the  mind  certainly  acquires,  by  experience,  distinct  cog- 
nizance, and  hence  refers  both  images  to  one  object,  as  only 
one  object  can  occupy  the  same  point  in  space.  In  certain 
cases,  as  in  squinting  suddenly  produced,  double  vision  for  a 
time  occurs,  but  afterwards  the  mind  n^lects  one  or  otk^x 
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cal,  ovoid,  or  spherical,  whether  convex  or  concave,  regular 
or  irregular.  In  estimating  the  forms  of  such  bodies  with 
the  aid  of  one  eye  only,  we  are  guided  by  the  ascer- 
tained correspondence  of  cerfaiin  effects  of  light  and  shade 
with  certain  constant  impressions  derived  from  touch.  Ex- 
perience alone  enjibles  \is  to  form  complex  notions,  or  judg- 
ments, of  this  kind.  These  correspondences  are  very  liable 
to  delusion,  or  misinterpretation ;  thus,  if  we  look  with  one 
eye,  at  a  raised  cameo,  or  medal,  illuminated  from  the 
right-hand  side,  we  perceive  that  its  surface  is  in  relief; 
but,  if  by  an  effort  of  imagination,  we  suppose  the  light  to 
come  from  the  left-hand  side,  the  design  appears  to  be  in 
intaglio,  or  hollow.  The  same  effect  may  be  produced  by 
looking  at  the  medal,  through  a  convex  lens  held  at  a 
distance  from  the  single  eye,  so  that  the  image  is  reversed, 
the  light  still  remaining  on  the  right-hand  side.  These 
experiments  show  how  completely  the  ultimate  notions  derived 
from  our  sense  of  sight,  are  mental. 

But,  in  actual  vision,  we  employ  both  eyes,  each  of  which 
receives  its  own  image  of  any  given  solid  object.  When 
such  objects  are  within  the  range  of  the  binocular  parallax, 
the  optic  axes  converge,  and,  moreover,  the  images  or  figures, 
formed  in  the  two  eyes,  do  not  exactly  agree ;  for  each  eye  sees 
a  different  aspect  of  the  same  solid  body,  as,  for  example,  of 
a  sphere,  a  cube,  or  a  book ;  the  right  eye  seeing  more  of  the 
right  side,  and  the  left,  more  of  the  left  side,  of  the  object. 
The  difference  between  the  two  images,  is  regulated  by  the 
distance  of  the  object,  and  by  the  interocular  distance.  We 
frequently,  indeed,  view  an  object,  first  with  one  eye,  and  then 
with  the  other,  in  order  to  gain  a  better  knowledge  of  its  form, 
or  its  position  in  space.  By  a  mental  combination  of  these  two 
different  perspective  impressions,  the  idea  of  the  solidity  of 
the  object  is  produced,  not,  however,  as  a  simple  sensation,  or 
even  as  an  intuition,  but,  in  the  very  earliest  period  of  our 
lives,  as  the  result  of  a  joint  action  of  sight  and  touch,  leading 
to  the  formation  of  a  notion  of  solidity,  as  producing  certain 
visual  appearances  of  form,  light,  and  shade.  Such  notions 
may  seem  to  bo  intuitive  in  after  life,  and  have  been  named 
secondary  intuitions, 

A  good  illustration  of  the  effect  of  the  two  eyes  in  giving 
the  notion  of  solidity,  is  furnished  by  the  philosophical  appa- 
ratus known  as  the  stereoscope.  By  the  combination,  through 
optical  means,  of  two  drawings  of  a  solid  object,  taken  at 
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different  points  of  view,  and  showing,  therefore,  two  different 
aspects  of  the  same,  this  instrument  communicates  to  the 
mind,  the  appearance  of  a  solid  body,  or  of  a  body  of  three 
dimensions.  The  reflecting  stereoscope  invented  by  Wheat- 
stone,  consists  of  two  mirrors,  placed  with  their  backs  towards 
each  other,  at  an  angle  of  90°;  by  means  of  two  sliding  frames, 
one  at  each  side,  two  different  perspective  drawings  of  the  same 
solid  object,  can  be  ^xed  and  adjusted,  so  that  their  images  in 
the  mirrors,  are  separately  seen  by  the  two  eyes,  placed  in  front 
of  the  converging  mirroi*s.  The  images  thus  formed  in  the  two 
eyes,  which  resemble  the  natural  images  of  the  object,  when  this 
is  regarded  directly  by  them,  are  then  mentally  combined,  as  in 
the  case  of  such  natural  images,  into  a  single  perception.  But 
this  only  happens,  when  the  eyes  receive  the  images  on  the  corre- 
sponding or  identical  parts  of  the  two  retinae ;  for  if  either  image 
is  out  of  place,  the  two  do  not  coalesce,  but  are  seen  sepa- 
rately, and  flaty  not  solid.  The  refracting  stereoscope,  invented 
by  Sir  David  Brewster,  consists  of  two  eccentric  double  convex 
lenses,  each  connected  with  a  sliding  tube,  by  which  they  can 
be  adjusted  to  suit  the  sight  and  the  distance  between  the  two 
eyes  of  the  individual.  Proper  perspective  outlines  of  bodies, 
when  viewed  through  this  stereoscope,  convey  to  the  mind  the 
idea  of  solidity.  The  action  of  the  mind  in  producing  these 
results,  is  shown  by  the  fact,  that  two  pictures  of  similar 
objects,  differing  slightly  in  size  from  each  other,  convey  to 
it  the  idea  of  an  object  intermediate  in  size.  Such  a  com- 
bination probably  often  occurs  in  ordinary  vision  ;  for  many 
retinal  images  of  the  same  object,  must  be  of  unequal  size  in 
the  two  eyes,  as,  for  example,  those  of  near  objects  placed  at 
diffierent  distances,  and  in  different  directions,  as  regards  each 
eye ;  so  likewise,  in  the  case  of  persons,  in  whom-  the  two 
eyes  have  different  focal  distances,  the  two  images  of  a  given 
object  must  be  of  different  dimensions.  But  objects  at  a  great 
distance,  those  lying  opposite  the  middle  of  the  eye,  and  those 
at  equal  distances  from  the  median  plane  of  the  visual  field, 
produce  images  of  equal  size.  When  totally  different  pictures 
are  viewed  in  the  stereoscope,  as,  for  example,  a  man  and  a 
horse,  the  impressions  produced  are  various ;  sometimes  the 
two  pictures  are  blended  and  confused,  ^metimes  they  are 
seen  alternately,  and  sometimes  one  is  neglected,  and  the 
other  only  seen.  The  brighter  picture  usually  predominates. 
In  the  stcrenmonosrope  of  Claudet,  the  separate  images  of  a 
solid  ol>3CCt,aKi  eom\)Vw^d,by  means  of  two  lenses,  on  the  same 
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part  of  a  screen  of  ground  glass,  "vvhen,  by  their  coalescence, 
they  produce,  in  the  eye  of  the  observer  the  stereoscopic  effect. 

Wheat8tone  has  contrived  another  instrument,  named  the 
pseudoscope,  ^vllich,  by  diminishing,  or  increasing,  the  angles 
at  which  tlie  rays  of  light  from  an  object  ordinarily  enter  the 
eye,  reverses  the  visual  relations  between  the  near  and  distant 
points  of  an  image.  A  concave  body  appears  convex,  a  con- 
vex body,  concave;  a  bust,  seen  from  the  front,  presents  the 
appearance  of  a  deep  hollow  mask,  whilst  the  interior  of  a 
mask  looks  like  a  prominent  cast.  These  phenomena  are 
known  as  convtrsions  of  relief;  tliey  also  prove  the  inHuence 
of  the  mind,  in  the  ultimate  interpretation  of  visual  effects. 

AVhen  we  view  distant  objects,  beyond  the  range  of  the 
binocular  ]>arallax,  the  appearances  of  solidity  and  relief,  and 
our  conclusions  concerning  these,  are  arrived  at  indirectly, 
or  by  ])roces.ses  of  judgment  and  experience,  in  the  same 
manner  as  when  one  eye  alone  is  used.  Persons  who  have 
lost  one  eye  in  iniimcy,  must  acquire  their  notions  of  tho 
solidity  of  objects,  by  the  conjoined  use  of  touch  and  sight, 
aided  by  movement^j  of  the  head  or  body. 

The  retina  conveys  to  us  a  distinct  sense  of  locality^  depend- 
ent on  the  stimulation  of  tw^o  or  more  points  of  its  surface ; 
and  these  impressions,  projected  outwards  in  the  field  of  vision, 
furnish  us  with  the  means  of  recognising  intervals  of  space. 
The  two  first  dimensions  of  si>ace,  viz.  length  and  breadth,  like 
those  of  a  solid  body,  are  easily  recognised,  even  by  one  eye, 
according  to  the  angles  iurmed  by  the  different  lines  of  visual 
direction ;  but  tlie  third  dimension  of  space,  viz.  that  of  depth, 
is  more  difficult  of  appreciation,  and  recjuires  the  use  of  both 
eyes. 

Our  estimation  of  the  linear  direction  of  external  objects, 
and  of  their  relative,  or  angidar,  distances  from  each  other, 
upwards,  downwards,  sideways,  or  obliquely,  i.  e.  of  their 
apparent  position,  can  be  formed  by  one  eye  alone ;  but  for 
the  appreciation  of  their  real  position,  it  is  necessiiry  to  be 
able  to  judge  of  their  distance  behind  one  another,  or  their 
depth  in  si)uce.  In  the  case  of  near  objects,  we,  to  a  certain 
degree,  estimate  their  depth  in  space,  in  tlie  same  manner  as 
we  judge  of  their  solidity,  by  means  of  a  stereoscopic  action 
of  both  eyes.  In  this  way,  we  become  conscious  of  the  in- 
ter\'entiou  of  a  certiiin  depth  of  space  between  near  objects ; 
but  in  order  to  estimate  more  accurately,  their  relative  dis- 
tance beliiud  each  other,  it  is  supposed  tliat  we  are  able,  by 
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looking  from  one  object  to  another,  to  obtain  important  data 
from  the  muscular  movements  by  which  the  two  eyes  are 
made  to  converge,  and  probably  also  from  the  changes  which 
ensue  in  their  focal  adjustment ;  this  is  especially  the  case  in 
regard  to  near  objects,  in  looking  at  which,  these  actions  re- 
quire a  greater  effort.  The  knowledge  thus  obtained  is  not  a 
mere  sensation,  but  a  mental  notion,  founded  on  the  judg- 
ment, and  helped  by  experience.  Infants  are  entirely  unable 
to  judge  of  distances. 

In  estimating  the  real  positions  of  distant  objects,  beyond 
the  range  of  the  binocular  parallax,  however,  there  is  no  con- 
vergence of  the  eyes,  and  frequently  no  focal  adjustment  is 
required ;  here,  we  are  guided  by  movements  of  the  head, 
by  the  effects  of  different  distances  on  the  apparent  size  of 
objects,  snch  as  are  explained  by  linear  and  plane  perspec- 
tive ;  by  the  changes  in  the  distinctness  of  outline,  shadow, 
detail,  and  colour,  due  to  aerial  perspective ;  by  the  manner 
in  which  objects  intercept,  or  are  intercepted  by,  each 
other ;  by  comparison  with  known  objects,  and,  if  these  are 
in  motion,  by  their  absolute  and  relative  rates  of  movement. 
It  is  by  the  perception  of  objects  in  space,  that  we  obtain, 
through  the  eye,  as  well  as  tlirough  touch,  materials  for  the 
mental  conception  of  space  itself. 

An  inexact  estimate  of  relative  distances,  leads  to  certain 
errors  as  regards  the  sizes  of  objects.  Thus,  the  idea  that  the 
sky  at  the  horizon,  is  more  distant  than  the  sky  directly  above 
us,  an  idea  dependent  on  the  number  of  kno^vn  and  near 
objects  between  us  and  the  horizon,  leads  to  an  erroneous 
estimate  of  the  size  of  the  rising  or  setting  sun  or  moon, 
which  thus  appear  to  us  larger  than  when  they  are  seen  above 
our  heads.  According  to  another  view,  the  image  of  the  s-un 
or  moon,  seen  near  the  horizon,  is  compared,  by  the  mind, 
with  the  smaller  images  of  intervening  distant  objects  known 
to  be  of  great  size,  and  so  those  luminaries  are  interpreted  to 
be  of  larger  dimensions  than  when  seen  in  the  ojien  sky. 
Through  a  telescope,  these  bodies  appeiir  nearer  than  they  are, 
and  hence  the  magnifying  effect  is  underrated  by  the  observer. 
Convergence  of  the  eyes,  also  influences  our  judgment  of 
distance ;  for,  and  this  is  remarkable,  a  fixed  object  appears 
smaller,  when  the  optic  axes  are  made  to  converge  in  front  of 
it.  In  railway  travelling,  objects  passed  near  the  side  of  the 
road,  appear  larger,  and  nearer,  than  they  are,  because  their 
rapid  inovemetM  t^sX.  q«^c\i  other,  suggests,  as  we  shall  see, 
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large  angular  motion^  and  therefore  unreal  proximitj.  Objects 
seen  through  a  fog,  seem  larger  than  they  are,  because  their 
indistinctness  suggests  the  notion  of  great  distance. 

We  are  only  able  directly  to  perceive  the  movements  of  ob- 
jects, when  these  take  place  in  a  direction  across  the  field  of 
vision,  in  which  case,  the  image  of  the  moving  object  has  a 
motion  across  the  retina,  and  hence  the  motion  is  perceptible. 
Movements  in  the  direction  of  the  line  of  vision,  i.  e.  from,  or 
towards,  the  centre  of  the  eye,  are  not  immediately  per- 
ceived, the  image,  as  a  whole,  having  no  motion  across  the 
retina,  although  its  dimensions  undergo  increase  or  dimi- 
nution, according  as  it  is  approaching  or  receding.  The 
apparent  movement  of  an  object,  from  one  point  in  the  field 
of  vision  to  another,  depends  either  on  the  motion  of  the 
image  upon  the  retina,  or  on  the  motion  of  tlie  latter  in 
regard  to  the  image.  The  extent  of  this  motion,  is  measured 
by  the  angle  formed  in  the  eye,  by  two  lines  drawn  through 
the  eyeball,  the  one  from  the  point  whence  the  object  moves, 
the  other  from  the  point  where  it  is  arrested;  hence  the 
movement  is  termed  the  angular  motion  of  the  object.  This 
motion  may  be  too  slow  to  he  easily  observed ;  and,  on  the 
other  hand,  unless  the  perception  of  a  moving  body  be 
sufficiently  prolonged  in  time,  it  appears  to  stand  still ;  as  when 
a  rapidly  moving  body  is  instantaneously  illuminated  by  an 
electric  flash ;  or  as  when  the  capillary  circulation  in  the 
web  of  the  frog's  foot,  is  momentarily  looked  at  imder  the 
microscope. 

We  judge  of  the  real  motion  of  objects  from  point  to  point 
in  space,  when  these  are  within  the  range  of  the  binocular 
parallax,  by  a  stereoscopic  use  of  both  eyes;  in  estimating 
the  actual  direction  and  extent  of  the  motion,  we  are  assisted 
by  those  changes  in  the  convergence  and  adjustment  of 
the  eyes,  which  are  essential  to  keep  the  moving  object  in 
sight.  Moreover,  changes  in  size,  distinctness  of  outline,  and 
colour,  and  the  passage  of  the  moving  body  before  or  behind 
others,  assist  us  in  the  formation  of  a  judgment.  In  the  case 
of  objects  beyond  the  range  of  the  binocular  parallax,  these 
latter  are  the  only  data  on  which  we  base  our  conclusions. 

It  has  been  remarked,  that  when  a  given  object  approaches, 
or  recedes  from,  us,  the  estimate  formed  by  the  mind  of  its 
real  size,  does  not  become  confused  or  altered.  It  must,  how- 
ever, be  added,  that  this  is  only  true  of  objects  moving  at  a 
moderate  rate ;  for  certainly,  as  any  one  may  find  by  expe- 
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rience,  a  locomotive  engine,  advancing  rapidly  towards  the 
eyes,  on  a  straight  piece  of  railroad,  appears  to  swell  out,  or, 
as  it  were,  to  grow.  The  movement  is  here  too  rapid  for  the 
eye  or  mind  not  to  be  deceived.  The  explanation  offered  of 
the  accuracy  of  our  perceptions  under  ordinary  circumstances, 
is,  that,  whilst,  the  increase  of  size  in  the  retinal  image  of 
an  approaching  object,  suggests  an  increase  in  its  dimensions, 
yet  the  convergence  of  the  two  eyes  necessary  for  the  distinct 
vision  of  the  object,  is  accompanied  by  a  reduction  of  its 
apparent  magnitude.  The  two  effects,  therefore,  counteract 
each  other.  In  the  case  of  a  receding  object,  the  opposite 
conditions  occur. 

The  movements  of  the  eye  itself,  are  accompanied  by  move- 
ments of  the  retina,  as  it  were,  behind,  or  through,  the  images 
of  the  various  objects  in  the  visual  field ;  if  the  eyeballs  be 
rapidly  moved,  these  objects  appear  to  acquire  a  general 
motion.  There  is,  however,  no  apparent  motion  of  the  objects 
in  regard  to  each  other,  for  the  relative  position  of  their 
images,  remains  mialtered.  When  we  are  carried  through 
space  in  one  direction,  as  in  railway  travelling,  objects  appear 
to  move  in  the  opposite  direction,  and  near  objects  appear 
to  pass  us  relatively  faster  than  more  distant  ones,  for  the 
angular  motion  of  objects  is  greater,  the  closer  their  proximity 
to  the  eye.  This  assists  us  in  judging  of  the  raj)idity  and 
uniformity  of  our  own  movement,  as  well  as  of  the  distance  ot 
objects.  If  we  look  intently  at  certain  objects  in  motion,  after 
a  time  they  seem  to  be  at  rest,  and  ourselves  appear  to  be 
in  motion ;  thus,  on  watching  a  running  stream  from  a  bridge 
over  it,  the  stream  soon  appears  to  be  still,  whilst  we  seem  to 
be  moving  with  the  bridge,  in  the  opposite  direction. 

Such  being  the  modes  in  which  sight  is  employed  for  tlie 
purpose  of  informing  us  of  the  presence,  size,  shape,  position, 
and  movements  of  external  objects,  there  yet  remain  many 
phenomena  of  vision  which  require  to  be  considered. 

For  the  stimulus  of  light  to  produce  an  impression  upon  the 
retina,  it  is  essential  that  the  portion  of  its  surface  acted  upon 
by  the  luminous  rays,  be  of  a  certain  size,  that  these  rays  be 
of  a  certain  strength,  and  that  the  retina  be  exposed  to  dieir 
action  for  a  certain  period  of  time.  Images  of  luminous 
objects  of  a  certain  magnitude,  might  be  regarded  as  mosaic 
patterns,  composed  of  an  infinite  number  of  minute  luminous 
points  -,  tlieoreUcaW^',\k^^w:e  infinitely  smaller  than  the  ends 
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of  the  retinal  rods.     It  has  been  calculated  that  a  body,  the 

image  of  which  occupies  only  xiliny^^   ^^  *^  *^^^^   ^^  ^^® 

retina,  is  visible  to  the  eye,  which  is  considerably  less  than  the 

diameter  of  a  single  retinal  rod  or  cone.     It  is  said,  however, 

that  two  impressions  are  distinctly  or  separately  perceived,  only 

when  a  certain  distance  intervenes  between  them ;    this  is 

said  to  correspond  with  the  diameter  of  the  cones.     White 

bodies  on  a  black  surface,  or  black  bodies  on  a  white  surface, 

which  measure  as  little  as  :f  Jiyth  of  an  inch  in  diameter,  can 

be  seen  by  the  naked  eye ;  bodies  still  smaller  can  be  i)er- 

ceived,  if  the  attention  be  fixed,  and  the  light  powerful,  though 

their  outline  becomes  indistinct ;  but  if  less  than  ^i^th  of  an 

inch  in  diameter,  they  are  no  longer  visible,  although  they 

can   still  be  seen  when  arranged  in  rows.     Lines,   such   as 

opaque  threads,  are  visible,  even  when  only  ^^Vo^^^  ^^  ^^ 

inch  in  thickness.     Bright  bodies  of  exceedingly  small  size 

are  visible,  which,  were  they  less  brilliant,  would  be  invisible. 

If  the  light  be  not  of  a  certiiin  intensity,  tlie  retina  is  not 

roused  to  vision ;  the  apjKjarance  of  darkness,  in  this  case, 

is  dependent,  not  on  a  total  absence  of  light,  for  it  is  still 

present,    but  on   its   want  of    intensity.     AVTien   an   oi)aque 

body  jKisses  before  the  eyes  with  great  velocity,  the  period  of 

time  during  which  it  is  visible,  is  so  brief,  that  the  retina 

receives  no  impression  of  the  object ;  hence  cannon-balls  are 

invisible  when   they  jiass  l>cfore  us,  but  not   always,  when 

they  af)proach  or  recede  from  us.     Limiinous  bodies,  on  the 

other  hand,  however  rapid  their  course,  and  whatever  their 

direction,  are  always  visible. 

Luminous  niys  from  a  small  object,  falling  on  the  retina,  not 
only  excite  impressions  in  that  portion  of  the  retina  which 
receives  them,  but  also  in  the  surrounding  surface  for  a  certain 
distance.  The  stimulation  of  the  retina  by  the  luminous  rays, 
is,  it  would  seem,  diffused  over  the  portions  of  the  membrane 
contiguous  to  that  directly  exposed  to  the  action  of  the  stimulus. 
This  diifusion  of  luminous  imf)ressions  is  known  as  irradiation. 
The  phenomenon  is  particularly  observed  in  looking  at  bright 
objects  on  a  darker  ground.  It  is  owing  to  irradiation,  that 
minute  white  objects  painted  on  a  black  ground,  not  only 
appear  much  larger,  but  are  visible  at  greater  distances  than 
natural ;  whilst,  on  the  other  hand,  dj:rk  objects  of  the  same 
si7.e  on  a  white  ground,  appear  smaller,  and  sooner  become 
invisible  at  a  disfemce.  A  narrow  bnght  strip  of  jmper  st^ems 
wider  than  a  dark  one  of  equal  size.     The  larger  apparent  size 
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of  the  stars,  as  the  sky  becomes  darker,  and  the  peculiar 
appearance  noticed  in  the  new  moon,  viz.  that  its  light  crescent 
seems  to  belong  to  a  larger  sphere  than  the  feebly  illuminated 
portion  of  its  surface,  are  also  due  to  irradiation.  In  certain 
cases,  the  increased  size,  or  blurred  image,  of  a  luminous  ob- 
ject, is  owing  to  defective  accommodation  of  the  eye,  and 
to  dissipation  of  the  luminous  rays. 

Impressions  made  upon  the  retina  have  a  certain  duration. 
They  continue  to  be  perceived  during  a  much  longer  interval 
than  the  impressions  which  produced  them,  and  their  persist- 
ence is  greater,  the  greater  the  persistence  of  the  original 
impressions.  They  are  of  the  nature  of  after-sensations,  or  the 
so-called  spectra,  and  have  been  named  the  primary  or  posi-' 
tive  after-iinages.  They  last  generally  about  ^th  of  a  second, 
but  may  endure  for  ^  a  second.  Their  average  duration  is 
about  |th  of  a  second  (Plateau).  Were  it  not  for  the  duration 
of  impressions,  vision  would  not  be  continuous,  for  in  every 
act  of  winking,  all  surrounding  objects  would  be  lost  sight  of 
Impressions,  occurring  at  shorter  intervals  of  time  than  those 
just  mentioned,  are  not  perceived  as  distinct  or  separate. 
It  is  owing  to  the  duration  of  the  sensation,  that  after  looking 
at  a  vivid  light  or  a  bright  colour,  if  tlie  eyes  be  closed,  or 
the  head  be  suddenly  turned  away,  the  impression  continues 
for  a  certain  period.  The  effects  of  different  cxjlours  presented, 
in  rapid  succession,  to  the  eye,  as  illustrated  in  experiments 
with  the  colour-top,  which  is  a  spinning-top  painted  in  differ- 
ently-coloured segments,  also  depend  on  the  duration  of  retinal 
impreasions.  Various  secondary  or  tertiary  colours,  and  even  a 
tolerably  pure  white,  are  produced  by  the  rapid  rotation  of 
differently-coloured  tops.  The  appearance  of  a  complete  circle 
of  light,  which  is  seen  on  rapidly  whirling  round  a  stick  lighted 
at  one  end,  the  curved  lines  of  fire  seen  in  a  lighted  *  Catherine 
wheel,'  and  the  indistinct  haze  caused  by  the  rapid  revolutions 
of  the  spokes  or  other  parts  of  a  wheel,  are  explained  in  the 
same  manner.  If  a  small  piece  of  cardboard,  on  one  side  of  which 
there  is  painted  a  bird,  and  on  the  other  a  cage,  be  made  to 
revolve  rapidly  by  twisting  strings  fixed  to  each  end,  the  bird 
appears  to  be  in  the  cage.  The  toy  known  as  a  thaumntrope  or 
stroboscope,  consists  of  a  disc,  on  which  are  painted  sets  of 
figures  of  men  or  animals,  in  the  different  positions  of  some 
act,  as,  of  leaping,  running,  or  tossing  balls  ;  when  it  is  made 
to  revolve,  and  the  figures  are  looked  at  through  a  slit, 
they   are  com\)m^^  ycvVq  one  image,  which  appears   to  be 
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in  motion.  When  two  exactly  similar  toothed  wheels,  placed 
one  in  front  of  the  other,  are  made  to  revolve,  in  the  same 
direction,  and  at  the  same  rate,  the  image  appears  stationary ; 
but  if  the  number  of  teeth,  or  the  rate  of  velocity,  differs  in  the 
two  wheels,  then  a  revolving  image  is  seen  (Faraday).  After 
looking,  for  any  length  of  time,  at  objects  in  motion,  the 
appearance  of  movement  may  be  communicated  even  to  sta- 
tionary objects;  thus,  after  having  been  on  the  sea,  all 
surrounding  objects  appear,  for  a  time,  as  if  they  were  in  a 
state  of  constant  upward  and  downward  movement. 

When  the  retina  has  been  previously  in  a  state  of  repose, 
especially  in  cases  of  prolonged  residence  in  the  dark,  the  in- 
fluence of  any  given  quantity  of  light,  as  well  as  the  rapidity 
of  its  action,  and  the  duration  of  its  impressions  on  the  eye, 
are  much  greater  than  when  it  lias  previously  been  in  a  state 
of  activity.  If  the  intensity  of  the  light  be  very  great,  the 
painful  effect  called  dazzling,  is  produced,  and  the  nervous 
power  of  the  retina  may  be  permanently  destroyed,  as,  for 
example,  when  a  flash  of  lightning  suddenly  annihilates  vision. 
On  the  other  hand,  blindness  may  result  from  the  continuance 
of  the  opposite  condition;  for  if  the  eye  be  deprived  of  suiSS- 
cient  light,  for  a  very  lengthened  period,  blindness  will  ensue 
from  want  of  exercise  of  the  retina.  If  the  eye,  previously 
in  a  state  of  rest,  be  suddenly  expsed  to  a  bright  light,  the 
rays  impinging  upon  the  retina  through  the  dilated  pupil,  are 
painful  to  the  eye,  and  vision  is  confused,  till  the  pupil,  having 
had  time  to  contract,  a  large  number  of  the  rays  are  excluded, 
and  the  retina  itself,  moreover,  becomes  accustomed  to  the 
excess  of  light.  When  a  sudden  transition  takes  place  from 
light  to  darkness,  opposite  changes  of  course  ensue. 

The  relative  intensity  of  light,  is  measurable  by  means  of 
instruments  q^\\\:A photometers,  the  action  of  which  is,  however, 
entirely  dependent  on  the  discriminating  power  of  the  eye 
itself,  through  the  comparison  of  shadows  of  different  strengths. 
We  have  no  means  of  estimating  the  absolute  quantity  or 
intensity  of  light.  It  is  possible  to  read  with  both  eyes,  during 
twilight,  when  the  employment  of  one  eye  would  be  useless; 
and,  moreover,  a  brilliant  light  dazzles,  or  blinds,  the  two  eyes, 
more  rapidly  than  it  does  one.  At  the  same  time,  no  differ- 
ence of  brightness  is  ordinarily  observable,  whether  we  look 
with  one  eye  or  with  both  ;  for  on  closing  one  eye,  the  pupil  of 
that  eye  dilates,  and,  consentaneously,  that  of  the  other,  so 
that  more  light  is  admitted  to  the  open  eye. 
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There  are  many  interesting  points  connected  with  the  so- 
called  secondary^  or  negative^  ocular  spectra^  which  are  distin- 
guished from  the  primary  or  positive  spectra,  by  not  resembling 
the  original  impression.     If,  after  looking  at  dark,  white,  or 
luminous  objects,  the  eyes  be  covered,    so  as  altogether   to 
exclude  the  entry  of  light,  images  of  these  objects,  or  impres- 
sions related  to  such  images,  the  results  of  after-sensations, 
remain  upon  the  retina,  and  these  are  named  negative  spectra. 
In  the  casn  just  mentioned,  of  closing  the  eye,  the  spectra 
are  dark,  white,  or  luminous,  like  the  original  causes  of  the 
visual  impressions.     But  if  the  eyes,  after  looking  steadily  at 
a  white  object  or  spot,  on  a  dark  ground,  instead  of  being 
closed,  be  turned  towards  a  white  surface,  the  spectrum  per- 
ceived is  black.     If  the  condition  of  things  be  reversed,  tlie 
spot  being  black,  and  the  ground  white,  the  after-image  left  -s 
white.     This  difference  in  the  appearance  of  the  spectrum,  as 
compared  with  the  object,  is  thus  explained.     In  the  first  ex- 
periment, the  portion  of  the  retina  on  which  the  image  of  the 
white  spot  has  been  received,  b^ing  exhausted,  is  less  suscep- 
tible of  the  action  of  a  given  quantity  of  light,  than   the 
surrounding  unexhausted  portion  which  corresponded  to  the 
black  ground,  and,  therefore,  though  receiving  white  light,  it  is 
less  acted  on  by  it,  than  the  rest  of  the  retina.     On  the  other 
hand,  in  the  second  experiment,   the  portion  of  the  retina 
which  has  received  the  imagQ  of  the  black  spot,  is  unex- 
hausted, and  is  therefore  more  susceptible  than  the  rest,  of  the 
action  of  a  given  quantity  of  light.   For  the  same  reasons,  the 
spectrum,  produ'^ed  by  gazing  at  the  sun,  and  then  turning  the 
eyes  from  it,  is  dark,  if  the  eyes  be  turned  towards  a  white 
surface,  though  it  is  luminous,  if  the  eyes  be  closed,  or  directed 
towards  a  dark  surface.     The  spectra,  which  result  from  the 
impre3>«ions  of  colourless  objects,  are,  as  a  rule,   themselves 
colourless.     But  when  luminous  rays  of  great  intensity  fall 
upon  the  retina,  different  phenomena  ensue.     Thus  if  the  eyes 
be  turned  towards  the  sun  when  shining  brightly,  and  then 
be  covered,  the  spectrum,  at  first,  is  of  the  same  colour  as  the 
sun  itself,  but  rapidly  assumes  different  colours  in  regular 
succession,  before  it  vanishes ;   it  first  becomes  yellow,  then 
orange,  red,  green,  violet,  and  black.     When  the  eyes,  instead 
of  being  covered,  are  turned  towards  a  white  surface,  the  after- 
image passes  through  the  same  series  of  colours,  die  order, 
however,  being  reversed.     In  any  case,  these  colours  are  due 
to  certain  states  of  the  retina,  and  are  called  subjective,  acci- 
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dental,  or  physiological  colours.  The  spectra  thus  formed, 
move  with  the  eyes ;  their  size  increases  with  the  distance  of 
the  surface  on  which  they  are  projected ;  their  vividness  and 
duration  are  proportional  to  the  strength  and  duration  of  the 
primary  impression ;  and  they  fade  away  gradually,  with  suc- 
cessive changes  of  colour.  These  after-images  are  weaker  in 
the  sides  of  the  eyes,  than  in  the  centres  or  points  of  distinct 
vision ;  they  may  be  produced  by  objects  to  which  the  atten- 
tion has  not  been  directed ;  and  there  are  persons  who  have  a 
sinjrular  power  of  retaining  or  reviving  them. 

The  most  remarkable  spectra  are  those  produced  by  the 
impressions  of  distinctly-coloured  objects.  The  colour  of  the 
ppectrum,  in  these  cases,  is  always  complementary  to  that  of 
the  object ;  thus,  if  after  looking  steadily  at  a  red  object,  the 
eye  b^  turned  on  to  a  sheet  of  white  paper,  the  spectrum 
is  green ;  the  spectrum  of  a  green  object,  in  the  same  manner, 
is  red  ;  that  of  a  blue  object,  is  orange.  The  explanation  of 
this,  is,  that  the  retina  is  so  exhausted  as  regards  the  colour 
first  looked  at,  that  it  is  no  longer  so  readily  excited  by  the 
corresponding  coloured  rays  of  the  white  light,  which  pass 
from  the  surface  of  the  paper,  but  only  by  the  complementary 
rays.  After  looking  at  a  given  colour,  and  then  turning  the 
eye  to  the  complementary  colour,  the  latter  appears  brighter  and 
more  intense  than  natural.  Primary  colours  are  more  exciting 
to  the  retina  than  secondary  and  tertiary  colours ;  and  of  the 
three  primary  colours,  red  is  the  most  exciting,  and  blue  the 
least  so.  Contrasted  colours,  and  contrasts  of  light  and  shade, 
heighten  their  separate  effects.  Thus,  the  depth  of  shadows  is 
always  greater,  in  proportion  to  the  intensity  of  the  light  which 
produces  them.  Grey  spots,  occupying  a  white  surface,  present 
a  darker  appearance  than  a  grey  ground  of  the  same  tint.  The 
production  of  the  physiological  colours  by  contrast,  as  just 
mentioned,  is  a  further  example  of  this  class  of  phenomena. 
A  strip  of  grey  paper  placed  on  a  bright  coloured  field,  presents 
a  faint  tint  of  the  colour  which  is  the  opposite  of  that  of  the 
surface  on  which  it  lies ;  on  a  red  surface,  it  frequently  has  a 
greenish  tint ;  on  a  green  surface,  a  reddish  tint,  and  so  on. 
Such  phenomena  are  only  produced,  when  the  surface  of  tlie 
field  is  of  a  very  bright  colour,  and  when  the  portion  of  the 
retina  exposed  to  the  action  of  the  new  colour,  is  in  a  state  of 
relative  repose  (Muller). 

When,  by  means  of  the  stereoscope,  two  different  colours  are 
thrown  upon  corresponding  points  of  the  retina,  the  impres- 
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sions  sometimes  alternate ;  sometimes  one  colour  prepon- 
derates ;  at  other  times  one  colour  appears  in  one  part  of  the 
visual  field,  and  the  other  in  the  other  part ;  and,  lastly,  the 
two  colours  maj  be  blended  into  a  mixed  or  compound  colour. 
These  curious  experiments  prove  that  the  impressiom*  are  more 
or  less  blended  in  the  sensorium.  The  blended  colours  are 
usually  very  bright.  On  looking  with  one  eye  through  a  coloiu-ed 
glass  at  the  sky,  and  keeping  the  other  eye  closed  or  looking 
with  it  at  the  sky  without  a  glass,  it  is  found,  that  in  the 
former  eye,  there  arise  spectra  of  the  complementary  colour  to 
that  of  the  glass,  in  the  latter,  spectra  of  the  same  colour  as 
that  of  the  coloured  glass.  The  former  eye  is  sufficiently 
excited  to  produce  secondary  or  negative  spectra,  whilst  the 
latter,  less  perfectly  stimulated,  but  still  affected  through  the 
colour  in  the  other  eye,  only  produces  positive  spectra. 

Irritation  or  congestion  of  the  retina,  altered  conditions  of 
the  optic  sensorium,  diseases  of  the  brain,  dreams,  and  pecu- 
liar mental  states,  give  rise  to  various  kinds  of  spectral  phe- 
nomena. Bodies  seated  in,  or  on,  the  eye,  also  produce 
appearances  in  the  field  of  vision,  called  entoptical  images,  such 
as  vioatSj  or  mxiscw.  Thus,  fixed  particles  of  blood,  lymph, 
or  pigment,  on  the  retina,  or  others  in  the  lens,  such  as  radiated 
streaks  or  spots,  cause  fixed  muscc^ ;  and  movable  particles, 
on  the  surface  of  the  cornea,  such  as  tears  or  mucus,  in  the 
aqueous  humour,  or  in  a  softened  vitreous  humour,  cause 
musciP.  volitanteSj  or  flying  muscw.  They  are  of  various  forms, 
some  looking  like  spots  or  streaks,  others  assuming  a  hair-  or 
bead- like  shape. 

Such  of  these  entoptical  images  as  are  caused  by  objects  in 
front  of  the  retina,  are  named  extra-retinal.  They  are  not 
usually  noticed,  because  light  pa**ses  behind  the  little  objects, 
which  would  otherwise  cast  a  shadow  on  the  retina  ;  but  by 
admitting  the  light  into  the  eye,  through  a  minute  hole  in  a 
card,  so  that  the  retina  receives  rays  from  one  direction  onlv, 
distinct  shadows  of  such  objects  are  cast  on  the  retina,  and 
produce  the  entoptical  images.  If  the  orifice  in  the  canl  be  in 
the  j)rincipal  anterior  focus  of  the  eye,  that  is,  about  half  an 
inch  in  front  of  it,  the  entering  luminous  rays  become  parallel 
behind  the  lens,  and  the  images  are  of  the  same  size  as  the 
object ;  if  the  card  is  nearer  the  eye,  the  rays  diverge,  and 
the  shadows  are  larger ;  if  it  is  moved  further  off,  tlie  niys 
converge,  and  the  images  are  smaller.  The  intra-retinal  images 
include  those  oi  \)sx^  \AsyAN^«aala^  and  the  blood  moving  in 
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them,  described  by  Purkinje,  who  showed,  by  means  of  a  simple 
experiment,  that  most  persons  are  able  to  see  the  shadows 
of  their   retinal   bloodvessels.     The  vascular   image  of  the 
retina,  or  the  imaffe  of  Purkinje^  is  best  perceived,  by  mov- 
ing a  lighted  candle  up  and  down,  or  in  a  circle,  a  few  inches 
in  front,  and  to  one  side,  of  the  eye,  so  that  the  light  may 
enter  it  obliquely,  this  being  done  in  a  dark  room,  or  when 
the  eye  is  directed  towards  a  dark  surface.     The  appearance 
of  a  bright  field,  moving  with,  and  before,  the  eye,  is  then 
gnidually  excited ;    on  it  are  seen  dark  arborescent  vessels, 
branches  of  the  central  artery  and  vein  of  the  retina,  and  even 
images  of  the  optic  eminence  and  yellow  spot.     The  rods  and 
cones  of  the  retina  are  excited  by  the  luminous  rays,  its  general 
surface  being  thus  illuminated ;  but  the  parts  of  its  bacillary 
layer,  which  are  covered  by  the  vessels,  being  relatively  more 
protected  from  the  light,  are  perceived  as  dark  arborescent 
ramifications,  always  much  larger  than  the  vessels  themselves, 
since  they  are  projected  into  the  visual  field.     In  accordance 
with  the  principles  of  visual  direction,  the  appearances  are, 
moreover,  reversed,  the  optic  eminence  of  the  right  •sye  being 
seen  on  the  outer  side  of  the  yellow  spot.     The  shadows  of 
the  vessels  shift  considerably,  when  the  candle  is  moved  about; 
and,  as  these  vessels  lie  chiefly  behind  the  nerve  fibres,  but  in 
front  of  the  rods  and  cones,  it  would  certainly  appear  that 
the  last-named  parts  are  the  recipient  portions  of  the  retinal 
stinictures.     Another,  and  more  striking,  experiment  consists 
in  looking  steadily  at  a  uniform  field  of  light,  such  as  the  sky, 
or  an  illuminated  ground  lamp-glass,  and  rapidly  moving  the 
finger,  to  and  fro,  in  front  of  the  eye.     Afler  a  time,  delicate 
reddish  images  of  the  retinal  capillaries,  and  even  of  the  blood 
corpuscles  moving  in  them,  are  seen  on  the  luminous  field. 
This  form  of  intra-retinal  image  has  been  made  use  of,  to 
determine  the  velocity  of  the  blood  in  the  capillary  vessels ; 
it  appears  to  be  from  ^  J^th  to  tJxj^^i  of  ^^  i"ch  per  second 
(Vierordt).     Pressure  will  also  produce  entoptical  images  of 
the  retinal  vessels,  and  also  of  those  of  the  choroid,  shining  on 
a  silvery  blue  ground. 

The  dark  field  observed  when  the  eyes  are  closed,  or  kept  open 
in  a  perfectly  dark  room,  is  not  absolutely  black ;  it  is  often, 
from  retinal  excitement,  covered  with  an  obscure  luminosity, 
and  sometimes  with  minute  points  of  light,  like  luminous  dust. 
This  field  is  not  circular,  but  elliptical,  like  the  ordinary 
visual  field;    it   is  projected  into  the  exterior,  moves  with 
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will  excite  luminous  impres8ions.  Visual  sensations,  like  all 
other  sensations,  may  also  be  excited  by  internal  stimuli. 
Thus,  when  the  eyes  are  closed,  and  the  retina  is  at  rest,  the 
field  of  vision  is  dark ;  but,  if  the  oi)tic  nerve,  or  sensorial 
centre,  is  in  a  state  of  excitement,  impressions  of  luminous 
rays,  or  of  bright  colours,  are  perceived.  During  congestion 
of  the  brain,  each  arterial  pulse  is  accompanied  by  an 
alteration  in  the  degree  of  light  perceived  by  the  eyes,  owing 
to  a  pulsating  illumination  of  the  field  of  vision  (Mliller). 
Certain  chemical  agents,  when  absorbed  into  the  circulation, 
also  give  rise  to  the  sensation  of  light,  either  by  producing  some 
alteration  in  the  condition  of  the  retina,  the  effects  of  which 
are  transmitted,  through  the  fibres  of  the  oi)tic  ner^-es,  to  the 
brain,  or  perhaps  by  affecting  the  nerve,  or  the  sensorial  centre 
itself.  The  action  of  opium,  digitalis,  and  belladonna,  in  pro- 
ducing spectra,  is  well  known,  and  the  vivid  and  horrible  spec- 
tral illusions  seen  in  fever,  and  especially  in  deliriimi  tremens, 
have  often  been  descril>ed.  Again,  the  motion  of  the  blood  is 
sometimes  o])servcd,  especially  after  gazing  at  bright  surfaces, 
such  as  the  sky,  or  after  looking  for  a  certain  time  at  a  white 
surface.  Indistinct  movements  in  the  luminous  visual  field, 
are  then  noticed.  Tlie  appearance  of  dark  lx)dies  in  rapid 
and  constant  motion,  seen  in  cases  of  congestion  of  the  brain, 
and  also  on  suddenly  rising  from  a  stooping  posture,  are  de- 
jMjndent  on  the  movement  of  the  blood,  exciting  luminous 
impressions.  As  elsewhere  stated,  no  instance  of  the  occur- 
rence of  these  or  other  true  spectra,  where  the  two  eyeballs  have 
been  removed,  appears  to  have  been  recorded  ;  so  that  it  has  not 
l)een  proved,  that  such  spectra  am  occur  without  the  interven- 
tion of  the  retinal  elements.  Cases  of  disease  of  the  retina, 
involving  total  blindness,  are  not  quite  satisfactory  as  evidence 
of  this,  for  the  retina  may  still  \ye  exceptionally  excitable. 

In  many  persons,  the  sensibility  of  the  retina  to  coloiu-s,  is 
remarkably  acute,  enabling  them  to  discriminate  between 
shades  of  the  same  colour,  which,  to  other  persons,  present  no 
difference.  There  are  others  whose  sensibility  to  certain  im- 
pressions of  colour,  is  c\u*iously  defective.  This  affection,  known 
as  achromatopsf/^  colon r-hliminess^  or  Daltonism^  consists  in  an 
inability  to  distinguish  one  colour  from  another.  It  is  more 
common  in  the  male  than  in  the  female,  and  is  often  here- 
ditary. In  some  cases,  it  is  limited  to  tlie  lighter  tertiary  tints, 
which  cannot  be  distinctly  recognised ;  or  there  may  be  in- 
ability to  distinguish  some  of  the  secondary  colours ;  or  the 
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the  retina,  and  the  transparent  media  of  the  eye.  Some  of  these 
reflected  rays  impinge  on  the  posterior  surface  of  the  iris,  and 
are  there  absorbed  by  the  uvea ;  this  structure  also  absorbs 
certain  rays,  passing  from  the  borders  of  the  lens,  which 
would  otherwise  confuse  and  dazzle  the  retina.  Some  of 
the  rays  reflected  from  the  bottom  of  the  eye,  however, 
pass  out  through  the  pupil,  and  converge  to  a  focus; 
these  are  few  in  number,  and  do  not,  when  the  eye  is  or- 
dinarily examined,  aiford  information  as  to  the  condition  of 
the  deeper  ocular  structures.  But  light  may  be  thrown  into 
the  eye  in  such  quantity,  that,  when  reflected  from  its  deep 
parts,  it  furnishes  us  with  this  information ;  and,  an  in- 
genious instrument,  named  the  ophthalmoscope^  has  been 
invented,  by  means  of  which  the  interior  of  the  eye  can  be 
easily  seen.  It  consists  of  a  circular,  slightly  concave,  mirror, 
having  a  focus  of  about  ten  inches,  perforated  in  the  centre 
by  a  small  aperture,  and  fixed  in  a  handle.  The  pupil 
of  the  eye  to  be  examined,  is  previously  dilated  by  the 
introduction  of  a  few  drops  of  a  solution  of  atropine  between 
the  eyelids,  and  the  examination  is  made  in  a  darkened 
room.  A  lamp  is  placed  close  to,  and  on  a  level  with,  the 
eye  to  be  examined,  care  being  taken,  that  none  of  its 
rays  fall  directly  on  the  eye.  The  observer  sits  near  to,  and 
facing,  the  eye,  and  holding  the  mirror  steadily  in  one  hand, 
brings  the  rays  from  the  lamp  to  a  focus  on  the  retina; 
he  then  takes  a  convex  lens,  having  a  focal  length  of  from 
two  and  a  half  to  three  inches,  in  the  other  hand,  and  holds  it 
about  two  and  a  half  inches  in  front  of  the  cornea.  The 
anterior  parts  of  the  eye,  can  be  generally  examined  with- 
out the  aid  of  the  lens  ;  by  its  use,  however,  the  optic 
eminence,  the  yellow  spot  with  its  elevated  rim,  and  the 
arborescent  vessels  of  the  retina,  can  be  distinctly  seen,  but  in 
an  inversed  position ;  the  retina,  as  thus  examined,  appears  to 
be  of  a  shining  red  colour.  In  the  healthy  condition,  the  crys- 
talline lens  is  invisible.  Various  diseased  states  of  this  and 
the  deeper  structures,  are,  however,  easily  distinguishable  by 
the  aid  of  this  useful  instrument. 

The  Organs  and  Function  of  Sight  in  Animals. 

Tho  general  structure  of  the  eyeball,  and  the  uses  of  its  several 
coats  ami  humours,  are  similar  in  all  tho  Vertebrata,  and  correspond 
with  the  structure  and  functions  of  the  same  parts  in  Man.  But  many 
modificatioos  in  these  organs,  are  obsen'ed  in  the  several  vertebraio 
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of  the  eyelids.  No  lachrymal  gland  exists  in  the  Cetacea.  This  gland, 
however,  is  very  large  and  lobulateil  in  all  the  Ruminantia.  In  the  deer, 
and  in  some  antelopef,  the  so-called  tenr-pitSy  formed  by  recesses  in  the 
lachrymal  bones,  between  the  orbit  and  nose,  are  met  with ;  they  are 
lined  by  an  extension  of  the  integuments,  and  open  externally  by  a 
gutter-like  aperture. 

The  muscles  of  the  eyeball  in  almost  all  Mammalia,  resemble  those  of 
man  ;  but,  except  in  the  Quadrumana,  there  generally  exists  a  seventh 
ocular  muscle  called  the  ntractor  oculiy  or  choanoid  wiisclty  interposed 
between  th«  recti  muscles  and  the  optic  nerve.  In  seals,  the  crystal- 
line lens  is  more  nearly  spherical  than  in  other  Mammalia,  in  accordance 
with  the  requirements  for  the  production  of  distinct  images  under  water, 
as  will  be  mentioned  in  speaking  of  the  eyes  of  fishes.  In  the  castor- 
beaver,  the  cornea  is  likewise  flattened,  and  the  lens  nearly  globular,  to 
suit  its  aquatic  habits.  Tlie  vitreous  humour  in  the  Cetacea,  is  much 
flattened  from  before  backwards  ;  the  cornea  is  also  flat,  but  the  crystal- 
line lens  is,  as  in  seals,  nearly  spherical.  In  the  OmithorhjTichus,  a 
cartilaginous  plat«,  projecting  from  the  orbit,  protects  the  eye  above ; 
the  sclerotic  coat  is  also  cartilaginous,  the  cornea  is  flat,  and  the  lens 
small. 

In  many  Mammalia,  the  bottom  of  the  eyeball  is  partially  lined  by  a 
membrane,  called  the  taprtiim,  which  presents  different  brilliant  hues ; 
it  consists  of  a  layer  of  thin  fibres,  or,  as  in  Camivora,of  nucleated  cells, 
of  metallic  brilliancy;  this  reflects  the  rays  of  light  from  the  bottom  of 
the  eye,  like  a  concave  mirror,  and  causes  a  luminous  appearance  in  the 
eyes  of  those  animals  in  the  dark.  In  Ruminants,  Solipcds,  and  Pachy- 
derms, th(>  tapetum  presents  a  greenish  blue  metallic  lustre ;  in  most  Car- 
nivora,  it  has  a  silver}' hue,  excepting  in  the  cat,  in  which  it  is  green ;  some- 
times it  resembles  mothor-of-p«»arl.  The  Quadrumana,  Edentata,  and 
Monotremata,  like  man,  have  no  tapetum.  The  shape  of  the  pupil  also 
presents  peculiarities  in  certain  Mammalia;  thus,  in  the  cat  it  is  ellip- 
tical, and  even  linear,  in  a  perpendicular  direction,  when  contracted 
under  a  strong  light.  Solipt-ds  and  Ruminants  have  a  transversely 
oblong  pupil.  It  is  remarkable  that  the  yellow  retinal  spot  is,  as  a  rule, 
absent  in  Mammalia,  the  only  exceptions  being  in  the  Quadrumana. 

In  Birds,  the  eyelids  are  well  developed,  and,  except  in  owls  and  a 
few  others,  the  lower  lid  is  generally  more  movable  than  the  upper  one  ; 
contrary  to  what  occurs  in  Mammalia,  it  covers  the  larger  part  of 
the  eyeball,  and  is  even  provided  with  a  special  depressor  muscle.  The 
third  evelid,  or  membrana  nictitans,  is  always  present,  and  fully  developed ; 
in  bircis  of  prey,  it  is  in  constant  use,  serving  to  cleanse  the  eyeball,  or 
to  temporarily  diminish  the  ghire  of  bright  sunlight ;  it  is  sometimes 
nearly  transparent,  but  usually  nither  opaque.  The  nictitating  mem- 
brane fohls  bjick  on  the  side  next  the  nose,  by  the  action  of  its  elastic 
tissue ;  but,  for  its  projection  over  the  front  of  the  eyeball,  two  muscles  are 
provided.  Of  these,  one,  named  the  pyramidalis,  is  a  slender  muscle, 
arising  from  the  sclerotic,  passinff  behind  the  back  of  the  eyeball,  curv- 
ing over  the  optic  nerve,  and  ending  in  a  tendon,  which  slides  through 
the  border  of  the  other  muscle.  This  muscle,  named  the  quadratus, 
descends  from  the  upper  part  of  the  eyeball,  and  fonns  a  muscular 
pulley  for  the  tendon  of  the  p}Tamidalis.  After  escaping  from  the 
pulley,  this  tendon  continues  over  the  back  of  the  eyeball,  and  finds  its 
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way  to  the  lower  border  of  the  nictitating  membrane.  The  contraction 
of  the  pyraraiclalis  pulls  the  membrane  across  the  eyeball ;  whilst  the 
quadratus  prevents  the  tendon  of  the  muscle  from  straightening:  ititelf^ 
and  so  coming  down  upon  the  optic  nerve.  Birds  have,  in  addition  to 
the  ordinary  lachrymal  gland,  a  large  Harderian  gland,  situated  behind 
the  conjunctiva,  at  the  nasal  angle  of  the  eyelids.  The  muscles  of  the 
eyeball  are  the  same  as  in  Mammalia ;  the  superior  oblique  does  not, 
however,  pass  through  a  pulley. 

The  eyeball  of  the  bird,  is  very  large  in  comparison  with  the  size  of 
the  head  and  brain,  especially  in  the  nocturnal  birds  of  prey.  It  is  not 
usually  so  spherical  as  in  Mammalia,  but  is  sometimes  somewhat 
flattened,  and,  in  the  larger  raptorial  birds,  is  often  lengthened  by  the 
prolongation  of  the  anterior  part  of  the  sclerotic,  and  by  the  extremely 
convex  form  of  the  cornea.  Movable  bony  plates,  situated  in  the 
sclerotic,  frequently  preserve  this  elongated  form,  an  arrangement  also 
found  in  certain  reptiles  and  fishes,  though  in  them,  the  eveball  is 
flattened.  The  choroid  coat  in  birds  generally,  sends  forwards  into  the 
vitreous  humour,  from  near  the  entrance  of  the  optic  nerve,  a  remark- 
able plicated  vascular  membrane,  named  the  pecUn^  or  tnarsupium. 
This  is  falciform,  or  irregularly  quadrangular  in  shape  ;  its  plicae,  or 
folds,  are,  in  some  species,  only  four,  but,  in  others,  nearly  thirty  in  num- 
ber. The  pecten  sometimes  reaches  the  posterior  part  of  the  capsule  of 
the  lens.  It  is  not  muscular,  but  is  supposed,  by  means  of  changes  in 
the  state  of  distension  of  its  vessels,  to  alter,  either  directly  or  indi- 
rectly through  the  vitreous  humour,  the  position  of  the  lens  in  the  in- 
terior of  the  eyeball,  and  to  assist  in  adjusting  the  focal  distance  of  the  eye. 
The  action  of  the  pecten,  which  varies  in  size  and  shape  in  different 
birds,  is,  however,  not  well  understood.  The  Apterj'x  austndis  is  the  only 
bird  in  which  the  pecten  is  absent.  The  iris  is  usually  very  active, 
and  contains  striated,  as  well  as  unstriped,  muscular  fibres ;  its  move- 
ments are  more  active  and  rapid  than  in  other  animals,  in  which  it  con- 
tains only  plain  muscular  fibres ;  and,  in  some  birds,  it  is  said  to  be  even 
under  the  influence  of  the  will ;  its  colour  varies,  but  it  never  exhibits 
a  metallic  lustre.  The  pupil  is  generally  round,  though  it  is  lengthened 
vertically  in  the  owl,  and  horizontally  in  the  dove  and  goose.  The  in- 
ternal ciliary  muscle  also  exists,  and  doubtless  influences  the  form  and 
position  of  the  lens ;  whilst  the  muscular  flbres  around  the  circumference 
of  the  cornea  (Crampton),  and  even  the  proper  muscles  of  the  eyeball, 
may,  by  compressing  it^  movable  osseous  plates,  alter  the  relative  con- 
vexity of  the  cornea,  and  so  assist  in  focussing  the  images  of  objev'ts 
upon  the  r«»tina.  however  variable  their  distance.  The  power  of  ailjust- 
ing  the  eye  to  accurat-o  rision  at  different  distances,  exists  in  much 
greater  perfection  in  birds  than  in  any  other  animals.  Vultures,  e.  g.. 
fly  at  groat  altitudes,  and  yet  discern  their  peculiar  food ;  and  other 
birds  of  prey,  which,  in  their  rapid  flight,  diminish  so  suddenly  the 
distance  between  them  and  the  objects  of  their  pursuit,  affoni  a  further 
illustration  of  this  wonderful  power  of  ac^justment.  The  crystalline  lens 
is  flattish,  especially  in  vultures,  which  are  so  long-sighted ;  but  it 
is  rounder  in  owls,  which  are  extremely  near  sighted ;  it  also 
becomes  progressively  more  spherical  in  aquatic  bifds.accordinsr  to  their 
subaqueous  habits,  being  less  so  in  cormorants,  more  so  in  ducks,  and 
still  more  so  in  divers. 
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Amongst  Reptiles,  serpeuts  are  destitute  of  eyelids,  the  skin  being 
continueil  over  the  cornea.  In  crocodiles,  tortoises,  and  turtles,  the  two 
eyelids  are  well  developed,  but  there  are  no  eyelashes.  In  the  cAmeleon, 
the  skin  forming  the  eyelids,  is  united  into  a  circular  zone  with  a  central 
aperture.  The  membrana  nictitans  and  the  Ilarderian  gland,  when 
present,  are  both  of  large  size.  The  lachrymal  apparatus  exists  in  all 
cases ;  the  lachrymal  gland  is  very  large  in  the  turtle.  In  the  Chelonian 
reptiles,  the  sclerotic  contains  a  cartilaginous  or  bony  ring.  The  pupil 
in  the  crocodile  and  many  Ophidia,  is  elongated  vertically  ;  it  is,  now- 
ever,  frequently  round,  and  sometimes  of  a  rhomboidal  figure.  There  is 
sometimes  a  rudimentary  pecten.  In  the  Aquatic  species,  the  cornea  is 
llattened,  and  the  lens  of  a  globular  shape ;  but  in  the  terrestrial  species, 
the  lens  is  flatter ;  in  Emys,  it  appears  elliptical.  When  the  lens  is  not 
globular,  the  cornea  is  more  prominent. 

The  Amphibia  are  provided  with  eyelids,  and  the  mombrana  nictitans 
is  moved  by  its  own  muscles.  The  lachrymal  apparatus  is  absent.  In 
the  frog,  there  are  only  three  recti  muscles  ;  the  oblique  are  absent ;  but 
there  is  a  transverse  muscle,  which  passes  directly  under  the  eyeball,  and 
is  attached  to  each  side  of  the  orbit.  The  sclerotic  is  cartilaginous,  the 
clioroid  well  developed,  the  iris  is  said  to  be  motionless,  the  cornea  flat, 
and  the  lens  spheroidal. 

In  Fishes  generally,  the  int<»gument  passes  over  the  eyes,  forming  a 
transparent  covering  ;  there  are  neither  eyelids,  nor  lachrymal  apparatus, 
the  medium  in  which  these  animals  live,  maintaining  the  cornea  moist  and 
clean  ;  but  in  the  sunfish,  and  in  a  few  species  of  sharks,  there  are 
eyelids,  and,  it  is  said,  in  the  latter,  even  a  membrana  nictitans.  The 
eyes  are  usually  of  large  size,  especially  in  those  fish  which  live  at  the 
bottom  of  the  ocean ;  they  are  smallest  in  those  which  burrow  in  the 
mud.  In  the  Amphioxus,  there  are  two  dark  spots,  on  which,  according 
to  Vogt,  a  hemispherical  lens  is  found  immediately  beneath  the  integu- 
ment. The  eyeballs  of  fishes  are  lodged  in  very  large,  cartilaginous,  or 
bony,  sockets,  and  are  usually  provided  with  four  recti  and  two  oblique 
muscles  ;  they  are  symmetrically  placed  on  the  sides  of  the  head,  their 
usual  direction  being  outwards,  but  sometimes  upwards ;  in  the  flat- 
fishes, owing  to  the  peculiar  conformation  of  the  cranium,  both  eyes  are 
situated  on  the  same  aspect  of  the  head.  In  fishes  generally,  the  eyes 
are  so  completely  lateral,  that  the  visual  field  of  each  must  be  almost  or 
entirely  independent;  and  it  is  remarkable  that  in  these  animals,  there  is 
no  optic  commissure,  the  optic  nerves  being  entirely  unconnected,  and 
completely  <lecussating,  one  optic  nerve  passing  over  into  the  oppK)8ito 
optic  tract.  In  the  Amphibia,  Reptiles,  and  Birds,  the  optic  ner\'e8,  as 
in  the  Mammalia,  are  more  or  less  blended  at  the  optic  commissure. 

It  may  here  be  mentioned,  that  the  decussation  of  the  optic  nerves  in 
the  Vertebrata,  an  arrangement  which,  not  having  been  met  with,  even  in 
the  highest  Molluscaor  Annulosa,  may  be  typical  of  the  Vertebrate  or- 
ganisation, seems  to  be  related  to  the  decussation  of  the  motor  tracts  in 
the  medulla  oblongata,  which  is  likewise  quite  peculiar  to  the  Vertebrate 
type  of  structure,  not  occurring  in  the  Annulose  or  Molluscous  animals. 
The  constant  use  and  importance  of  sight,  in  the  government  of  the 
movements  of  animals,  probably  necessitates  a  co-ordination  between 
the-  visual  and  motor  organs  on  the  two  sides  of  the  body ;  but  why  this 
cross-action  should  prevail  in  Vertebrata,  and  not  in  the  non- Vertebrata, 
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itivt^i^ifjft  ;  in  muih  iiutriiuli^  th*'  ii*otar  afnK  i  >  „n  it*  cK'n 

siilc  Iti  Ihp  V\'rt4*bmfiLt  thf^  right-  ttinl  i.  elirriiijx, 

the  fight  fktu]  hfi  Imhti,  arc*  if^Ka  on  th«-  ,  »  r*^;  litr 
guiding  iriipn;**i«iofl»  (lnjx  |t^nMnv«d,  jwi*.!*  *>v*if  Uuuu^ij  iJit*  « jpi^iti-ii t^  •]»!<» 

mi'Mlc  lioL^  in  y^rt^ming  Lhr  movy!ini*nt6  uf  thu^.*  limbe.  Iii  iIh«  wnf, 
tlip  rt'f<?raiun  of  the  Timm}  imppcwiorn,  iiec'<'sjiiutt4  by  tli*'  <iitTM#^mT  'if 
thv   i*y*'^  niiHjtjH  witJi   $k  ei^»rr«i'tivu    ncliciu   iti  (lii^  gtiiommeiti   of  t^ 

In  th*  vft&  of  flsho*.  till*  flclornti^  in  ttrv  firm,  t^nd  guni^fsilK  if.titjtiii* 
two  eitPtilat^irioua  pUtn#;  wbi'^iit  bowtf^f'f,  uxo^p  urc  sibititiir,  j}., 
filimiiH  psirl  iM  ■>!' grtviF.  tliirkniHou}  ^  in  Ninm*'  lliihru,  iiiilr>4«4l,i  iJu 
pttrt  of  tht'  (sottt  iw  citiLi  ineb  mid  «  Tmlf  tbitk  ;  in  r^^rtniu  laj^n  IL-^h**,  a 
forms  evcQ   K  bottj  oup,  ijlto  wMcli  tin*  cDrtitNi  t*  fln<<!    in   fmn*,  Jitti 
tbmtigh  Hjj  iipvfiintf  m  ^[ileh*Tl]o  flptii*  nm-r  ent^'i-w  ImliiiHL     Br  tJti* 
^r<:'«t  iitr*H}|sf h  oi'rlii*  B«dnri>tTf,  whit'li  iSHniimlaoii^^uf  llifi  (itmileikr  pToTiiifHU 
in  the  wlmltH,  \lw  ispln^ritilv  of  tbo  pwt trior  p»trt  r>f  'i.      -  i n  :    - 
tjiint'iL     Sonii'timo*  a  i*iirtiUpinoa'*  nr  foutliiiotth   : 
B,?t*irfjtic  widi  th^  b>tt<?m  of  Ji«  Qrhttudeayity'^jfl^i      .  ^-^'-,  ^  ._v::_.u 
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falciform  process,  must  bo  endowed  with  an  increased  sensibility  to 
light,  or  that  they  possess  in  their  barbules,  or  other  appendages, 
sensory  organs  of  touch  which  compensate  them  for  their  inability  to 
see. 

In  those  Vertobrata  which  live  in  the  air,  the  refracting  powers  of  the 
eye  depend  largely  on  the  cornea  and  aqueous  humour  combined ;  but  in 
fishes,  the  action  of  these  parts  must  be  comparatively  slight,  as  their 
refractive  power  is  so  little  in  excess  of  water,  the  medium  from  which 
the  light  immediately  enters  the  eye.  The  cornea,  indeed,  in  fishes,  is 
very  flat,  and  the  aqueous  humour  is  very  much  reduced  in  quantity,  con- 
ditions the  very  opposite  of  those  found,  for  example,  in  the  far-seeing 
birds  of  prey ;  but  the  formation  of  distinct  images,  by  bringing  the 
luminous  rays  to  an  exact  focus  on  the  retina,  is  ticcomplished  chiefly  by 
the  crystalline  lens,  which  is  acconlingly  of  very  large  size,  relatively  to 
that  of  the  entire  eyeball,  completely  spherical,  and  unusually  dense, 
its  internal  laminn^  being  almost  as  h^ml  as  horn.  These  characters  im- 
part high  refractive  power  to  the  lens  in  fishes  ;  its  focus  is  accordingly 
veiy  short,  and  hence  the  vitreous  humour,  like  the  aqueous,  is  scanty, 
and  its  form  flattened,  so  that  the  lens  is  closely  approximated  to  the 
retina  ;  in  front,  too,  the  lens  usually  projects  through  the  pupil  into  the 
anterior  chamber  of  the  eyeball.  In  the  Surinam  sprat,,  the  eyes  are 
situated  quite  on  the  upper  part  of  the  head,  so  that  they  are  often 
somewhat  above  the  surface  of  the  water;  the  pupil  is  partially  divided, 
and  the  lens  is  also  composed  of  two  portions,  so  that  it  is  supposed  that 
one  part  of  this  curious  eye  is  adapte<l  for  aerial,  and  the  other  for  aquatic, 
vision.  There  have  recently  been  described  by  Leuckart,  minute  lens- 
like bodies,  found  in  the  coloured  spots  upon  the  sides  of  the  head  and 
body  of  small  fishes  of  the  genera  Stomias  and  Chauliodus ;  from  the 
presence  of  these  bodies,  he  regards  the  spots  in  question,  as  examples  of 
true  ocelli,  or  ocular  spots ;  but  this  inference  may  be  incorrect. 

Amongst  the  Mollusca,  the  Cephalopods  are  remarkable  for  the  great 
development  of  the  eyes,  which  are  larger  tlian  in  any  other  non-verte- 
brate animals,  and  bear  a  closer  reseml)lance  to  the  organ  of  vision  in 
the  Vertebmta.  The  large  spheriail  eyeballs,  placed  symmetricjilly  on 
the  sides  of  the  head,  are  inv<>stwl  by  a  wide  capsule  formed  by  the  in- 
tegument, which  is,  at  one  part,  transparent,  and  supplies  the  place  of 
the  cornea.  This  coverin};,  however,  is,  not  completely  closotl,  but 
presents  an  opening  through  which  the  sea-water  enters,  and  fills  up  the 
space  between  the  eyeball  proper  and  the  capsule,  so  that  there  is  no 
aqueous  humour.  In  Loligopsis  and  others,  this  opening  is  of  very 
large  size,  and  the  anterior  portion  of  the  lens  projects  freely  into  the 
sea-water.  The  Ions  lies  deeply  imbedded  in  the  vitreous  humour,  and 
is  divided  into  two  unequal  parts,  one  in  front  of  the  other,  which  are 
separated  by  adeliciite  interpos(»d  membrane,  extending  from  the  choroid. 
The  anterior  part  is  the  smaller  one.  Each  consists  of  a  portion  of  a 
sphere,  and  their  substance,  though  soft  externally,  is  dense  within,  and 
contains  a  firm  nucleus.  The  sphericity  and  density  of  the  lens,  suggest  a 
resemblance  to  the  lens  of  fishes,  and  are  dependent  on  the  same  neces- 
sity of  providing  a  refractive  bo<ly  of  greater  power  than  is  needed  in 
animals  living  in  air.  The  double  lens  of  the  eye  of  a  cuttlefish,  is, 
indeed,  an  extreme  example  of  such  a  provision.  The  choroid  is  of  a 
dark  colour,  and  there  is  a  well-devoloped  iris,  with  a  kidney-8hape4 
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PUjiiK  By  Tn^mm  of  lli©  cilinry  prtiei<»»i*«,  wJiiith  nr^  Wf*|l  »\^it^tjf*A, 
it  i!t  po^AbLe  tbitt  tbr-  cy(^  is  ittrctminodalf>d  U*  mnoti  at  iMfftrmii  (lt»* 

AiiujrijEMT.  PUiroiKjiU,  tb«'  Clio  Im«  lirt>  r-yr?,  which  iwr  tAtu^  \<^ 
hind  til©  hf^iwl.  untl  *Hitnf*wiitt^  p«(i*'inM(«  a  b»'iit  rvliti<l*^r.  Tfi^  rnlnw*- 
imd  Bfilfl<?liJO'grt*tefoprj<l«  hnVP,  with  hut  frur  rTtf^rprjotl-t*  h\iy:k  f^fiil^m 
ot  CiyMf  in  tht«  iit^ignitoiirbcMl  of  the  fc^iipbikgidiil  giiis^^Iiuo,  ftit^jit«<i, 
i^ithiHf  At.  thij  hiw«  i>f  tliH  Ti'fttafh'*,  ns  in  limoipa*.  in  th*-  midnil*/ 
^f  th(M*f*  |niir|j*.  Hj*  111  Balyufix,  <>f  lil  th«  n^wtj,  tu  in  tlii>  i^ritvti»t  Ui^Hi* 
or  ?* n niL  *f  h i*wt- « ( m f  1 1**  o jf  ^  nr*^  tl nrk-^'ol on  ml  vhvu  T  h  * ■  -  -  -  -  ^  ^  -.  t  W 
i»oft  skin  of  the  U'ntiiili',  whkrh  ccinxti{im\i  u  tlpin  t^  t-*, 

K'^hiud  this,  i*  !i  gMmbr  IwMN,  n  c'tip-fhEipn!  (*hc»rtMii   ,  tn** 

tiiTiMs  i^rultn^f  hi  nn  triH-likt'  ritu;*  niirl  iin  optif*  iwrrts  c^fviniiipg  iat*i 
l^litinl  (*i4*mft] tii.  Iti  thn  otdfP  of  iH«*  H*f**roptKU,  th*  eyr*  art  rrry 
largely  dov'h^yM.Mi,  Of  Thfl  Ij*imollibninohiatji.  which  nn?  iw^'iiIiaIoii^ 
inn«t  a«*  tWiitttufft  i>f  <*yi^M,  In  N<mn\  how^'ViT^  rudim<mUi^  ^»tf*  afw 
fiiiiil  to  t'.itHt ;  ih<^i*i*  HO*irNilh"'<l  ^v-^/'p'f >i^"  HlriDiictl,  in  ih**  lWt<sQ  nud 
OthePB,,on  tbr^  tnnpgin  of  rlic  iiinntli',  lif*t.voi-ti  Oh*  trntjieiiUf  up^t^tidii^^ra, 
imd  pr«s0*iit  thp  app^^ArnriiM'  of  littW  ahiuiiii?  pcat-likc  bodic*»i,  >iip!Kirt««i 
on  Nhort  mo^Tible  jLn^dsrloN,  :itid  tinvni^  n  |ngnH''nt  Uver  pp<i»Tide«l  nhth 
a  ftilvcfy  lifrritiim  :  snmotsinr^  thi^y  anj  Hin*fH(»^l  «inir]v»  iiti>thi*r  tTtiirt.in 
groups  &i  20  or  30,  clost?  to  w^eh  olh«*f.  In  th**  I'ltinfAfwl  Mulliuic^jidn, 
pii/ment^iJt  iifj*fr>und  oij  the  f^Liitjnl  nrtrvuii»  gnnglioUt  i>iil  bo  hnn  Imi 
hef ti  diBCOTered  in  thenit 

I'mm  the  pfiw*p*liiae  u^wmnt,  it  iiitp<»Hrs  that  in  the  Molbv'^otiB  CbtM^ 
thf'  tyyc  is  i^miidually  simpHflHi,  in  pnsHinsrfmm  thn  tfjtnp^'Xrii^iMi  of  ih» 
Ct'j>fuil<>pwi«,  through  rhpsinipleri^yesof  ihf  Ptiropotli*,  H(>t*^ivij>o(||,.aiid 
GfLHtjiruiDudR.  to  lliii  MtUl  moxe  simnLfi  ore  suota  jof  cerliiUii  u£  I " 
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which  spread  out,  behind  a  layer  of  pigment  called  the  common  choroid, 
into  a  membranous  expansion  named  the  common  retina;  from  this 
retinal  expansion,  a  multitude  of  lilameHts,  corresponding  in  number  to 
the  facets  of  the  cornea,  are  given  oflf,  which,  after  traversing  the  common 
choroid,  spread  out  upon  a  number  of  hexahedral  transparent  prisms, 
covered  in  front  with  minute  double  convex  lenses,  the  so-called  corneal 
facets  (Straus-Durckheim).  The  compound  eye  of  the  Libellula,  or 
dragon-fly,  consists  of  an  immense  multitude  of  very  minute  pyramidal 
tubes,  the  blunted  apices  of  which  are  set  closely  together,  on  the  bulbous 
extremity  of  the  optic  nerve;  the  base  of  each  tube  is  turned 
towards  the  globular  surfivce  of  the  eye,  and  is  invested  by  a  hard  facet 
or  corneola,  which  forms  a  mrniscus  or  co/icavo-convex  lens ;  behind  this, 
is  a  small  cavity  filled  with  an  aqueous  humour.  Each  tube  is  invested 
by  a  dark-colour?d  layer  of  pigment,  surrounding  a  clear  fluid,  which 
occupies  the  axis  of  the  tube,  and  is  supposed  to  correspond  with  the 
vitreous  humour ;  in  front,  between  the  cornea  and  the  vitreous  humour, 
this  pigmentary  membrane  presents  a  small  pupillary  aperture.  The 
compound  eye  consists,  therefore,  of  a  combination  of  numerous  minute 
independent  eyes.  The  number  of  single  eyes  entering  into  the  forma- 
tion of  the  compound  eyes,  is,  in  some  insects,  very  great ;  thus,  in  the 
ant  there  are  said  to  be  50,  in  the  common  house-fly,  8,000,  in  the  dragon- 
fly more  than  12,500,  and  in  the  Mordella  beetle  upwards  of  25,000.  The 
compound  eyes  are  usually  sessile,  and  form  rounded  eminences  on  the 
sides  of  the  head,  but  sometimes  they  are  supported  on  a  pedicle  or 
footstalk.  They  frequently  present  a  brilliant  colour,  such  as  a  bright 
green,  or  green  and  purple,  or  even  a  pure  gold  colour.  It  has  been 
supposed  that  the  simple  ocelli  of  insects  are  adapted  only  for  very  near 
vision.  The  mode  in  which  a  visual  imjige  is  formed  by  the  remarkable 
compound  or  aggregate  eye,  is  peculiar.  Each  minute  eye  must  form 
an  image  of  a  corresponding  portion  of  the  visual  field,  for,  owing  to 
its  tubuhir  shape,  and  to  the  fact  that  it  forms  a  radius  proceeding  from 
a  convex  surface,  it  seems  probable  that  only  those  rays,  which  full  nearly 
vertically  upon  the  minute  corneal  facet,  can  pass  down  it,  whilst  the 
lateral  rays  are  more  or  less  perfectly  excluded.  The  multitude  of 
separate  images,  like  portions  of  mosaic,  must  be  combined  by 
tlie  animal,  into  a  single  picture,  for  wo  cannot  conceive  that  it  sees 
objects  multiplied.  This  act  of  combination  must  be  a  sensorial  opera- 
tion, accomplishtd  in  the  cephalic  nervous  apparatus  of  the  insect. 
The  images,  separate  or  conibiuetl,  formed  in  such  an  eye,  are  not  in- 
verted from  above  downwards,  or  reversed  from  right  to  left,  as  in  the 
Vertebmte  eye^  but  occupy  their  normal  position  ;  there  is  no  decussa- 
tion of  the  optic  nerves,  and  none  of  the  great  motor  nervous  columns. 

The  Orthoptera,  Hemiptera,  Ncuroptera,  Hymenoptera,  and  various 
other  insects,  have,  in  the  perfect  state,  from  two  to  three  simple  eyes, 
and  also  compound  eyes ;  in  such  cases,  the  simple  eyes  are  usually 
placed  on  the  top  of  the  head.  In  those  insects  in  which  simple  eyes 
only  exist,  these  are  usually  situate<l  on  the  side  of  the  head.  When 
numerous  simple  eyes  are  grouped  together  into  one  mass,  they  form 
the  conglomerate  or  aggregate  eye.  A  few  insects  are  destitute  of  eyes, 
such  as  the  neuter  Termite*,  and  the  Claviger  beetle.  In  the  greater 
number  of  the  larvae  of  perfect  insects,  simple  eyes  alone  exist;  thus 
the  larvae  of  the  bee  have  two  simple  eyes;  in  the  lar\'aj  of  the  Dytiscua 
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licf^tlc,  tht'Tiy  iirv  etx  on  t^^eh  mle  of  Uae  ht^tul    Stjme  larrw  ftn  iltttj 
uf  I'VinK,  riH  ibowHi  at'  n>iiuMkut>h'rn. 

Thi'  ^yi*H  iif  tli(^  MvcuipcnW,  Ukt  fhtme  of  ill  fV  bighet  jyumtliiiiirrl 
rc-i^  niblf^  Tho  pyei  of  msiM'te  :  ihvy  cnnjiitt,  bowrrcr,  for  th^  1114^1  piirl,|  ' 
of  tMfijifUimrniUT,  i.  0.  of  i^tmpli'  ir\*^k  j^tjiljutl  tjiiig«thi»r;  «^)jtnfirtu,tal  rTt>«'| 
itrr  TJiorti  rMPrly  iiit*t  Willi,  lun!  Wfln'W  tii'-y  (♦rrur*  rtrr  uf  largr**  iiz^.,     Th* -] 

i«rhic1i    form  itlmtsat  un   i?qiiilatL'i*»Ll   triangle.      Mwnj   MvrmjxLHla   «« 
blind. 

Tli«  AfHclittLdft  Itnvti  cinly  Minshlc  cyHiii  rir  Mt<:*iniinMt4i,  but  tht^c  so**  dt 
vdry  p^rffirf  N^nKittirf* ;  I  lio  tuipillrtTj'  nportitiM  of  tho  ckupui  J^  i«  #nmt« 
timts  prr»viii«l  witU  miieicuW  fjhrt-st,  wkich  oufl^hlf  it  fo  l>r.  r«niftac*p4» 
Thi>  numlM?r  ui'  tlir&i^  «>m|>k  4W>i"ni  viiripm,  \wh\^  i»iJj'  tw»i  m  tin*  Cji kJif«F 
imd  nijiny  niihw,  4  Sii  rhti  I'hnUiiiiftri  mul  ofbrr  ntttn^p  %  ur  ^  itt  Tii# 
AniiK-jiia,  »tjti  10  in  tUm  He*>rpiotj.  Wh»  11  j>rM<ont  in  liirj?!?  im.mlni>,  i]try 
arts  uft^n  of  difr<*rc'nt  sizp  in  ll»i»  *?4iiiH*  nniniitL,  Jint?  nrr  »'illirr  A*Mr\y 
crow^ded  t(igt4h*jr  on  thc^  t(»f*  f*f  tlii*  liftid*  or  pls^n^l  lnipriilJv  on  ib'ft 
uL*pliulo-ihnr«*»  r*r  «V4^ii  uti  tlu*  fsiiddl**  M*  ti*<i  tippi^r  iMirtiir*r  lil  tlj^ 
n  In  lumen.  Th^  pvrs  of  ppjdf're  iirv?  often  vfry  Iflrigiit,  .md  i*f  «  nuppbir* 
colour;  thfi  iTeonFiiir  g4nri?  of  »iie  c^t*  of  kohii*  tpiiiftm  huiJ  wrx»q»itni«, 
dejK>nds  on  tli*  ili1fi"j'(fni'<'  bi  t'oloujp  U?l  W(j<*n  ( b*T  t'ireitntf**ri.*ncM  nnd  fi^tTv 
itf  Thw  Hpv  tht*  ftjnncf  pHfl  l>t»ing  i»»ili%  inuJ  llu'  Iwrtifr  durk,  TIjl'  cymf 
tht Twrnntnta  hiifl  n  bHi;lit  rmJ  ciihIti',  (vnd  tin  ttnib^i*-CM)on,ft:4  tiiar^L'^iii^ 
Mivn V  of  tJji?  loM  i*r  Arnchnidn  litivi*  no  cyfs. 

The  Cpu»N(nrrji  p>ti>j(*s^  \n^\}\  MjiipU-  nut)  i^jntpound  ♦'Vi^ji*     Tb«  tim^l« 
t'ji'H  i^iv  nrvor  irn^fi'  Mmn  Iwa  ^if  tlm*f<  in  numl»rr;  to  TOmr  i*f  tlift 

gruufn-d  iugt»tJior,  forming  n  oopglonMCTiU  cyo^  «mi  am  t^iirfti^^.1  |»y  § 
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without  form.  Even  where  the  lens  is  present,  it  is  doubtful  whether 
any  distinct  image  is  formetl,  except,  perhaps,  for  very  near  objects. 

In  the  Annuh)ida,  eyespots  are  seen  in  the  worm-like  Scolecida,  in 
the  Kotifera,  and  in  a  few  of  the  Echinodermata.  In  the  first  group, 
may  be  mentioned  the  Planaria  and  the  larval  stage  of  Distoma 
and  MonoHtoma,  but  the  Kntozoa  gouerally,  are  destitute  of  pigment 
spots.  Amongst  the  Kotifera,  most  species  have  two  ocelli,  but 
in  some  they  are  combinetl  into  a  single  spot,  resting  on  the  central 
ganglion  of  the  non'ous  system,  at  the  tore  part  of  the  body.  In  the 
Echinodermata,  eyespots  are  seen  at  the  ends  of  the  rays  of  a  few 
starfishes,  and  around  the  lower  opt»ning  of  the  alimentary  canal  in  some 
Echinida. 

In  a  few  of  the  Coplenterata,  pigment  spots  are  present,  either  desti- 
tute of  a  lens,  variously  coloured,  and  placed  on  the  central  nervous 
ganglion,  as  in  B<'roe  and  other  allied  forms  ;  or  provided  with  a  lens- 
like body,  embedded  in  pigment,  as  in  the  red  or  yellow  coloured  eye- 
spots  found  around  the  bonlers  of  the  mantle  or  disc  in  the  Mnlusa,  in 
immediate  contiguity  with  the  Ko-calleti  auditory  sacs,  or  lithocysts. 
Nervous  filaments  proba]>ly  proceed  to  them. 

In  these  cases,  and  in  those  Annuloida  in  which  such  pigment  spots, 
though  destitute  of  a  refractive  lens,  an»  situated  upon  the  central 
nervous  ganglion,  their  sensory  office  (?an  hanlly  be  denietl ;  and,  as  they 
occupy  positions  corrtvs ponding  to  the  true  ocelli  provide<l  with  lenses, 
in  other  animals,  their  visual  function,  however  feeble,  is  placed  almost 
beyond  a  doubt. 

In  the  Protozoa,  pigment  spots  are  only  known  to  exist  in  certain 
Infusoria.  As  no  nervous  system  has  been  demonstrated  in  these  low 
unicelluhir  animal  organisms,  it  has  be<'ndispute<l  whether  in  such  crea- 
tures, thi*  pigment  spots  are  really  visual  organs.  The  uudoul.»tetl  influ- 
ence of  light  U]K)n  these  animals,  attracting  them,  for  example,  to  the 
light  side  of  the  vessel  in  which  they  are  kept,  may  be  owing  to  a  sen- 
sibility inherent  either  in  the  saroodous  substance  of  their  Iwdies,  or  in 
nen'ous  granules  connected  with  the  pigment  s{)ots;  or,  as  elsewhere  re- 
marked, such  apparent  attraction  may  be  explained  by  the  incidental 
action  of  the  heat  abs<x*iated  with  the  light. 


END   OF   THE   FIRST   VOLUME. 
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